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The oolumn that was designed~ oonBt~uoted. and 
ope~ated to dete~mine the mass velooity oha~aoteristios 
viii 
of Fibe~glas paoking, was oontinued in use for an investi-
gation of its mass transfer effioienoies. The paoked 
seotion of the tower was one foot in diameter, and absorp-
tion runs were oarried out with paoking heights of 6 and 
10 feet. The Fiber~las was No. 800 fiber paoked to a 
density of about 4.70 pounds per oubio foot~ The absorp-
tion system, ammonia-water. was utilized in this investi-
gation with air serving as the oa~rier gas. Air rates 
ranged from 280 to 1500 lbs./hr.sq.ft~ with aooompanyin~ 
water rates varying f~om 1590 to 32.600 lbs./hr.sq.ft. 
The H.E.T.P.~ H.T.U., and ~a values were oal-
oulated from the data of the individual runs. Graphs were 
prepared to demonstrate the effeots of variant gas and 
liquor ~ates on the ~espeotive Kga, H.E.T.P •• and H.T.U. 
values. The results of this investigation are in ex-
oellent agreement with the aooepted t~eory for an ammonia-
water absorption prooess. The data are also oompatible 
with the available data reported for Fibe~glas in the 
lite~ature. 
The results of this investigation indioate that 
Fiberglas oompares favorably with the other oommeroially 
used paoking materials in respeot to mass transfer oharao-
teristios. The Kga values determined for Fiberglas varied 
from 0.005 to 0.023 1bs./min.cu.ft.mm.Hg. depending on 
the prevai1in~ air flow rate. Design values of H.E.T.~. 
and H.T.U. are indicated in the ranges of 1.80 and 1.00 
feet respectively for Fiberglas packing if the liquor 




The data presented in this thesis concern the third 
phase of the investigation of Fiberglas as a tower packing. 
The object of the research conducted on this recently avail-
able packing material was to extend the insufficient existent 
data pertaining to its mass velocit7 and mass transfer char-
acteristics. Such data are required for the sound engineering 
design of packed columns as encountered in commercial absorp-
tion and distillation operations. The results of the loading 
and flooding tests of Fiberglas have already been reported 
and mass transfer coefficient data are neoessary to complete 
the prelimina~ investigation of this packing material. 
Fiberglas No.BOO is pure glass in a fibrous form 
averaging approximately 0.008 inches in diameter. The glass 
fibers are arranged in a jackstraw manner, and bonded together 
with a special temporary adhesive to give sufficient rigidity 
for easy application and handling. The mechanical properties 
of Fiberglas as reported by the manufacturer indicate that it 
possesses to an exceptionally high degree a number of the 
properties necessary for a satisfactory packing medium. Such 
mechanical properties will be briefly reviewed in the follow-
ing section. 
As an investigation of the material transfer efficiency 
of Fiberglas packing, an absorption process was chosen because 
absorption determinations are subject to very few restrictions 
ot column operating conditions. In carrying out experimental 
runs on a packed distillation column, the related operating 
variables suoh as feed oomposition, reflux ratio, available 
quantity of heat input, and oondenser oapaoity inf1iot serious 
limitations on the range of allowable vapor velocities and 
rates of down t10wing liquor. In absorption prooedures the only 
diffiou1ties that restriot the permissible gas and liquor flows 
are the limiting values imposed by the oolumn design. Flooding 
oonditions diotate the maximum flow rates While a favorable gas-
liquid absorbate balance is neoessary in order to maintain a 
measurable amount of solute gas in the outlet gas stream. There. 
fore, an absorption tower was designed and oonstruoted to oarry 
out all three phases of this investigation, of whioh two have 
been previously reported. 
The absorption system, ammonia-water, employing air as 
the oarrier gas, was se1eoted beoause there are oonsiderab1e 
data trom previous investigations ot this system utilizing other, 
more oommon tower paoking materials. Thus, the ammonia-water 
system affords a maximum number of oomparisons ot Fiberglas 
paoking with the other available oolumn paokings~ 
Absorption experiments permit oalou1ations ot overall 
material transfer ooeffioients (Ega), the height equivalent ot 
a theoretioa1 plate (R.E.T.P.), and the height ot a transfer 





Apparatus in oommeroial use for gas absorption has 
never been standardized, and individual oonsideration must be 
alloted to the design of a oolumn for eaoh absorption problem. 
A tower paoked with some solid material, over whioh a liquid 
is distributed and through whioh a gas rises, is the most oommon 
means ot oarrying out gas absorption. The desirable properties 
whioh this solid material or tower paoking should possets have 
been listed by Badger and McCabe (1). In the mass transfer 
oharaoteristios ot a paoking material, a large surface per unit 
volume is of prime importanoe. Suoh a quality is desirable 
sinoe, other faotors being equal, the rate of absorption is 
direotly proportional to the surfaoe exposed. 
That Fiberglas possesses, to an exoeptionally high 
degree, the properties that a satisfaotory tower paoking medium 
should have is evidenoed by the following faots as reported by 
the manufaoturer (2): (1) low weight per unit volume, (2) large 
surfaoe area per unit Volume, (3) large free cross seotion, 
(4) large tree volume, (5) small weight of liquid retained, 
(6) meohanioal strength, and (7) low oost. Part II of this 
investigation oonoerning the mass-velooity oharaoteristios of 
Fiberglas as a oolumn paoking and presented by Akell (3) demon-
strated that Fiberglas has high flooding velooities whioh lie 
between those of small size, large surfaoe area paokings, suoh 
as Berl saddles and Rasohig rings, and those of the large size, 
low surfaoe area paokings, suoh as grids. 





feet per cubic foot at a packing density of 2 pounds per cubic 
foot, to 232 square feet per cubic foot at a packing density 
of 6 pounds per cubic foot. The surface areas of the other, 
more common solid packing materials as listed by Perry (4) lie 
between 10 and 30 square feet per cubic foot. The surfaoe area 
ot Rasohig rings varies from 29 square feet per cubic foot for 
the 2 inch diameter rings to 148 square feet per cubio foot 
for rings 3/8 inches in diameter. Berl saddles have surfaoe 
area values ranging from 50 to 141 square feet per cubio foot 
for the It inch and t inoh sizes respeotively. However, one 
type of glass ring packing is reported to have surface areas 
from 131 to 283 square feet per cubic foot at densities from 
18.3 to 51.6 pounds per cubic foot. 
Fiberglas No.800 is pure glass in a fibrous form 
averaging approximately 0.008 inches in diameter. Since it 
is pure glass, the individual long, thin fibers do not absorb 
water and are resistant to most chemicals. It is claimed to 
withstand weak solutions of alkalies, and most acids exoept 
hydroflouric and hot phosphorio. Being inorganiC the glass 
paoking is not subject to rot or deoay. 
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As a packing material, Fiberglas has been utilized 
suocessfully in a number of applioations in the absorption, 
distillation, and extraction fields. During the war, it ~s 
well known that demands to fulfill the country's high produc-
tion quotas. for industrial alcohol. taxed eXisting distillation 
units to the limit of their capacities. New plate columns, 
which could be used to meet the demands, required non-obtainable 
strategic war materials and practically non-available skilled 
man-power to fabricate. 
This condition suggested the adoption of several dis-
tillation units with fibrous glass as a packing material. These 
units were installed in large industrial alcohol plants and 
yielded a high-purity alcohol at a high production capacity. 
In spite of the spreading applications of Fiberglas as 
a column packing, very few reports containing engineering data 
have been published. Some work in the field of distillation 
was reported by Minard, Koffolt, and Withrow (5) who presented 
the results of some 600 test runs on binary mixtures. Data 
are reported for both the enriching and stripping sections on 
two industrially important binary systems, ethanol-water, 
methanol-water, and also the enriching of acetone and water. 
Their column, a packed distillation unit, was 1 foot in diameter 
with packed heights of both 1.5 and 6.5 feet. The Fiberglas 
was packed in a vertical arrangement. These investigators 
studied the effects of reflux ratiO, vapor velocity, and feed 
composition on the performance of Fiberglas tower packing. 
Their results indicated that Fiberglas shows good rectifying 
performance, and a high rate of throughput -combined With low 
pressure drop. 
The values of (H.T.U.)ovl the overall height of a 
transfer unit, were computed and inCluded in the tabular data~ 
However the tables do not include the liquid rate but simply 
imply this rate by the ratio of V/L. The results were corre-
lated by an extension of Colburn's method (6) which indicates 
7 
that (H.T.U.)ov is a funotion of m, the sl~pe of the vapor-
liquid equilibrium ourve, and V/L, the vapor-liquid ratio. 
The values of (H.T.U.)ov were plotted versus m. with V/L as 
the ;arameter. Such plots demonstrate that a oonstant V/L 
value, the (H.T.U.)ov graduallY inoreased as the average slope 
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of the vapor-liquid equilibrium curve beoame steeper. A higher 
V/L ratio simply displaced the curve upward. Thus, a series of 
curves representing different V/L ratios was obtained for each 
binary system. In the case of ethanol-water, constant (H.T.U.)ov 
values were reached when operating in the upper regions of the 
equilibrium curve. The data from some of the experimental runs 
displayed (H.T.U.)ov values greater in height than the aotual 
height of packed section; that is, only fraotional (H.T.U.)ov 
values were secured. Such data were disregarded for oorrelation 
purposes. Minard, Koffolt, and WIthrow were able to obtain 
vapor in their column in the range of 120 to 1100 lbs./hr.sq.ft. 
with a majority of the runs being carried out at 500 lbs./hr.sq.ft. 
A limited quantity of available steam prevented the achievement 
of higher vapor rates. Liquid rates varied between 100 and 
1150 lbs./hr.sq.ft. Under oonditions of total reflux, the 
liquor rate oould logically be increased. Such flow rates are 
oonsiderably lower than the throughputs under whioh oommercial 
gas absorbers operate. 
Another study of Fiberglas packed columns for distil-
lation operations was conduoted by Herman and I~iser (7) to 
establish the H.T.U. values for Fiberglas packing when used in 
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the rectification of alcohol. The work was done on a column 
1 foot in diameter with Fiberglas in the horizontal jackstraw 
arrangement packed to a height of 5 feet 8 inches. Ethyl 
alcohol and water mixtures were distilled with the column being 
operated at total reflux and at various vapor velocities. H.T.U. 
values are presented in tabular form together with superficial 
vapor velocities and V/L ratios. These investigators correlated 
their results by plotting H.T.U. versus superficial vapor 
velocity for various fixed ethanol concentration ranges. Such 
plots resulted in a series of straight lines which they inter-
preted to mean that H.T.U. was inversely proportional to the 
superficial vapor velocity. The height of a transfer unit was 
found to be lower when operating in the high ethanol concen-
tration range and higher when rectifying in the low concentra-
tion range for any constant superficial vapor velocity. Such 
behavior indicated that in the same concentration range, the 
vapor velocity critically affects the H.T.U. of the packing. 
The vapor rates obtained by Herman and Kaiser varied 
~om 450 and 1460 lbs./hr.sq.ft. while the liquid rates ranged 
from 350 to 1180 lbs./hr.sq.ft. The average vapor and liquid 
r,tes amounted to approximately 800 and 700 lbs./hr.sq.ft. 
respectively. Fractional H.T.U. values, that is, H.T.U. values 
exceeding the height equivalent of the packed section were 
reported in some cases. Such values were included in the cor-
related data. 
From the data available in the literature as mentioned 
\ 
above. the reported H.T.U. values for Fiberglas were obtained 
at low flow rates in conjunction with binary distillation 
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work. These throughput rates do not approach the limiting 
loading and flooding velocities as determined by Akell (3). and 
the mass transfer coefficient data which are essential for the 
sound engineering design of absorption towers are not included 
in the literature. 
The absorption system, ammonia-air-water, has been 
quite thoroughly studied during the past twenty-five years. and 
the results of numerous investigators have appeared in the 
literature. The reported data cover the absorption of ammonia 
by water in wetted wall columns, packed columns, and spray 
towers. 
Vfuitman and Davis (8), Monaweck and Baker (9), and 
Hanks and McAdams (10) investigated the absorption of ammonia 
from air by a stirred body of water. The research performed 
by Haslam, Hershey, and Keen (11) was conducted in an effort 
to discover whether the proposed two film theory of gas 
absorption in a liquid would quantitatively~nescribe the rate 
of absorption in a given system under varying conditions for 
the case of liquid film controlling and gas film controlling. 
A column of the wetted wall type, without packing, 3 inches in 
diameter and 3 feet in height was used, and data on the 
absorption of ammonia as solute gas from air by water are 
presented. The effects of gas veloCity and temperature on 
the rate of absorption were studied with gas velocities 
ranging from 0.03 to 1.5 feet per second. The conclusions 
11 
wer~ that the coefficient of material transfer in absorption 
varies with the 0.8 power of the gas velocity and that 
temperature did not affect the value of the overall transfer 
coefficient to any great extent over the range of temperatures 
10-500 C. It was also concluded that the gas film coefficient 
decreased as the 1.4 power of the absolute temperature; whereas 
the liquid film coefficient increases as the fourth power of 
the temperature. 
Cogan and Cogan (l2), Hanks and McAdams (10). and 
Hollings and Silver (13). as reported by Dwyer and Dodge (14), 
also absorbed ammonia from air by water in a wetted-wall tower. 
Hanks and McAdams also utilized hydrogen and butane as a 
carrier gas, while Hollings and Silver used city gas as well 
as air. Hollings and Silver found no effect of liquor rate 
on ammonia absorption. 
The work conducted on wetted-wall towers indicated that 
practically all the resistance to absorption was in the gas film 
even at high gas velocities. Most of the investigators Who 
have studied absorption of ammonia in spray towers, in Single 
drops of liquid, and in stirred or quiescent batches of liquid 
have either assumed that the gas film was controlling or 
interpreted their results as indicating that such was the case. 
Practically the only dissenting voice to such a theory was that 
of Whitman and Davis (8) Whose experiments exhibited that there 
was an appreciable resistance in the liquid film. 
Of the early investigators in the field of ammonia 
absorption, the work of Kowalke, Hougen, and Watson (15) is 
most significant. These researchers were in first to present 
data on the mass transfer coefficients of ammonia in packed 
absorption towers. Materials such as stoneware, quartz, and 
wood grids were packed to a height of approximately 3.5 feet 
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in a sheet steel cylinder 16 inches in diameter. The variance 
in gas rate was from 48 to 240 lbs./hr.sq.ft. with water flow 
rates ranging between 60 and 820 lbs./hr.sq.ft. The ammonia 
concentration in the entering gas stream was varied. but the 
pressure of ammonia in the incoming gas amounted to about 10 
millimeters of mercury for the majority of the experimental runs. 
For each of the packings, a plot of overall transfer 
coefficients versus both gas and water flow was constructed. 
By keeping one flow rate fixed while varying the other, a 
series of curves was procured from the data for a particular 
packing material. Empirical equations were derived expressin~ 
the overall transfer coefficient as a function of both the gas 
and liquid rates. Later investigators have shown that their 
data suitably fit an equation of the type in which Kga is 
directly proportional to the 0.8 power of the gas rate. Three 
dimensional graphs were also prepared showing the combined 
effects of variant air and liquor rates on Kga •. 
From the results 'of their work Kowalke, Hougen. and 
Watson concluded that. for all practical purposes, the re-
sistance offered to the transfer of ammonia by the liquid film 
is negligible as compared to that of the air film. Their data 
also demonstrated that the variation of the overall transfer 
coefficients with vapo~ p~essu~e of ammonia in the ente~ing 
gas st~eam and tempe~at~e is ve~y slight. 
She~wood and Kilgo~e (16) carried out an investiga-
tion to dete~mine the ~elation between the ~ates of diffusion 
of ammonia gas to and from a dilute aqueous ammonia solution 
in a coke packed column. In other words, both absorp~ion and 
deso~ption ~uns we~e pe~formed. The column consisted of an 
i~on pipe with an inside diamete~ of 4.02 inches packed fo~ 
42.1 inches of its length with 0.35 to 0.63 inch d1amete~ 
household coke. The feed liquor was wate~ for the absorption 
runs and the feed liquo~ ~ate was maintained constant at 
. . 
324 lbs./hr~sq.ft~ with an ave~age tempe~at~e of 2300. 
A1~ was used as the ca~~ie~ gas, and the gas velocity ~anged 
f~om 150 to 510 lbs./~.sq.rt., at an app~ocimate tempe~at~e 
of 3200. The pa~tial p~ess~e of ammonia in the ente~ing gas 
st~eam was approximately 30 millimete~s of mercury while the 
partial pressu~e of ammonia in the outlet gas amounted to 
about 7 millimete~s of merc~y. The ove~all transfer co-
efficient was found to increase linearly with an increasing 
gas velocity. At a gas rate of 507 lbs./~.sq.ft. the re-
po~ted Kga value amounted to 201 Ibs./~.cu.ft.atm. while 
a gas ~ate of 148 lbs./~.sq.rt. p~esented a Kga value of 
102 lbs./~.cu.ft.atm~ 
00mpa~1son of these data with that of Kowalke, 
Hougen, and Watson shows that the ove~all coefficient at a 
given gas velocity is conside~ably greater in the case of the 
13 
quartz packing. To explain such comparative results, it 
was concluded that the most important factor in comparing 
the coke and quartz packings is the nature of the surface. 
as the liquor layers will be thicker and slower-moving on 
the rougher surface. 
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In the course of a general investigation on the 
efficiency of packed towers, experiments were undertaken to 
determine the comparative efficiency of packing materials for 
the absorption of gases using towers of several sizes. Results 
are reported by Chilton. Duffey, and Vernon (17) for the 
absorption of ammonia from air by water employing 3/4. 1/2 and 
1/4 inch crushed stone and 1/2. 3/4, and 1 inch clay spheres 
in columns 3. 6, and 11.3 inches in diameter with packed 
heights of 4 and 8 feet. Water used as the scrubbing liquid 
flowed at a constant rate of 500 lbs./hr.sq.ft. An air flow 
of approximately 550 lbs./hr.sq.ft. was maintained in the 
·majority of the tests with the carrier air being saturated by 
means of a humidifier. The ammonia concentration in the inlet 
gas stream was approximately 5 per cent by volume for all the 
absorption runs. The natural logarithmic mean of the inlet and 
exit driving force was used in calculating the H.T.U. and Kga 
values. The reported values of the overall transfer co-
efficient were normally in the range of 204 lbs./hr.cu.ft.atm., 
and the average height of a transfer unit was 1.5 feet. 
From the results of their experimental data Chilton, 
Duffey, .and Vernon derived the following conclusions: 
(1) Adequate initial water distribution is necessary to 
seoure maximum absorption effioiency. 
(2) There is no definite effeot of depth in the range of 
8 to 16 tower diameters. 
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(3) There is no effeot of tower diameter on the absorption 
effioienoy of the paokings tested when the ratio of 
tower diameter to paoking diameter exceeds 8 to 1. 
(4) For a given type of packing. the increase in absorption 
coefficient is proportional to some fractional power 
of the increase in surfaoe. 
The data of Chilton, Duffey, and Vernon are in agree-
ment with extrapolated Kga values of Sherwood and Kilgore. 
Sherwood and Holloway (18) reviewed the available data 
presented by previous investigators on the absorption of 
ammonia by water. The data of Kowalke, Hougen~ and Watson and 
of Chilton, Duffey, and Vernon were shown to follow the empiri-
cal quest ion: Kga:: ~ GO.8 
where KgB is expressed in lb.mols./hr.cu.ft.atm~ 
Sherwood and Holloway also report on the data for 1 
inch carbon Rasohig rings obtained by Borden and Squires (19) 
using a 10 inoh diameter oolumn packed to depths of 19 and 
31 inches. The inlet gas mixtures contained from 0.3 to 6.5 
mol per oent ammonia in air and 67 to 97 per oent of the enter-
ing ammonia was absorbed. OVer the range of gas rates from 
55 to 530 lbs./hr.sq.ft. and liquid rates from 440 to 2050 
1bs./hr.sq.ft. the data were fitted by the empirical equation: 
At the intermediate values or L and G of 500 and 200, respeo-
tively these results correspond to a value of 0 of 0.114 in 
the equation: 
The values of 0 , based on the data of previous investigators 
(15,15) as computed by Sherwood and Holloway at L = 500 lbs~/ 
hr.sq.rt., varies from 0.057 for 1 inoh solid balls to 0.147 
for 1-1/4 and 1-3/4 inch broken quartz. .Except for the 
difference in the exponent on G (0.5 in place of o.e), the 
data fall in line with the previous results on other packings. 
The tower construoted by Borden and Squires was used 
subsequently by Doherty and Johnson (20) who first repeated 
muoh of the work done by Borden and Squires. Employing a 
packing height of 16 inches of 1 inch carbon rings they ab-
sorbed ammonia from air by water in the range of G and L of 
67-670 and 657-4,020 respectively. A comparison of their 
16 
data With the previous data of Borden and Squire demonstrated 
that their KgS values were from 10 to 20 percent higher than 
the Kga values reported by Borden and Squires. The explanation 
may be that Borden and Squires used water at apprOEimately 
2500; Whereas Doherty and Johnson's runs were performed with 
water at about 1200. The effect of temperature on solubility 
would make KgB larger at the lower temperature. Borden and 
Squire's data for both 19 and 31 inch packed heights agreed 
well with the data of Doherty and Johnson who report a value 
of 0.36 for the exponent associated with L. The value of 
0.4 was employed by Borden and Squire in the equation: 
-
-
Doherty and Johnson continued their investigation in 
the same apparatus, but using dilute aqueous solutions of 
sulfuric acid in place of water as absorbent. The acid 
normality was measured at the base of the tower although the 
acid rates were large enough so that the inlet and outlet 
normalities were essentially the same. It was established 
that K~a increased with acid strength and becomes a constant 
at 23.5 lb.mols./hr.cu.ft.atn. at a acid concentration of 
3 normal. From such data Doherty and Johnson calculated that 
77 percent of the resistance was due to the gas film while 
the liquid film represents 23 per cent of the overall re-
sistance. 
Dwyer and Dod~ .( 14) carried out an investigation in 
order to furnish data on the ammonia-air system using Raschig 
ring packing. The packing consisted of 1/2, 1, 1-1/2 inch 
carbon Raschig rings, and 48 inch depth of packing was utilized 
in all runs. The column was fabricated of l6-gage iron with 
an inside diameter of 12 inches. The gas flow rate varied 
from 100 to 1000 Ibs./hr.sq.ft. at a constant liquor rate of 
500 Ibs./hr.sq.ft. while the liquor rate ranged from 100 to 
1000 Ibs./hr.sq.ft. at a constant gas rate of approximately 
500 lbs./hr.sq.tt. For 1-1/2 inch carbon Raschig rings, 
G and L values of 1000 and 480 Ibs./hr.sq.ft. resulted in 
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a ~a of 13.7 lb.mols./hr.cu.ft.atm. whereas a Kga value 
of 5.5 lb.mols./hr.cu.ft.atm. was reported at a G and L 
of 525 and 150 1bs./hr.sq.ft. respective1y~ 
The effect of the humidity of the entering gas on 
the overall coefficient was found to be quite small, and in 
most cases, within the experimental error. The overall 
transfer coefficient was observed to decre.ase slightly as the 
temperatuer increased. This fact was already confirmed by 
the results of previous investigators. 
Empirical equations were derived relating the 
separate dependence of ~ on both G and L in such mathema-
tical forms as the following: 
For 1 inch rings 
Assuming that the effects of gas and liquor rates are 
entirely independent, the two may be combined in one equation. 
Kga = 0.0225 GO~57LO.41 
This equation displays satisfactory agreement with 
the empirioal equation estap11shed by Borden and Squires for 
1 inch Carbon Raschi~ rings. 
Dwyer and Dod~e also reported that the overall 
transfer coefficient was found to increase as the 0.45 power of 
the surface area~ This coefficient agrees reasonably well 
with the conclusions of Chilton, Duffey. and Vernon who found 
an exponent of about 0.55 from their results on sold packings. 
an exponent of about 0.55 trom their results on sold packings. 
The performance of several types of Drip-point grid 
tower packings were studied together with the other more com-
mon packing mediums by Molstad, McKinney, and Abbey (21) for 
the absorption of ammonia by water. The column was construct-
ed of sheet meta1~ 12-1/8 inches square, with a packing depth 
of 27 inches. The tower packings consisted of one inch 
Raschig rings and Ber1 saddles, wood grids with and without 
legs~ several varities of sp1l'al tile, and three types of 
Drip-point grid tile. At a constant water rate of 3000 lbs./ 
hr.sq.tt., the gas rate was varied between the limits of 100 
and 1100 lbs./hr.sq.ft. Water rates were fluctuated fur the 
operating range of 1800 to 18000 lbs./hr.sq.tt. at a constant 
gas throughput of 500 lbs./hr.sq.tt. The ammonia concentra-
tion in the inlet gas stream was maintained at approzimate17 
3.0 per cent by volume during all runs. Tabular data are 
presented which includes the H.T.U. values. 
The data obtained for each packing material are 
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fitted to an empirical equation expressing KgB as an exponential 
function of the gas and liquid rates. These equations are of 
the familiar form, 
Kga = /3 oPLm' 
where /3 ,n', and ill' are constants for each individual column 
packing. Such constants were calCUlated and presented in 
tabular form for the various packings. 
The data of Molstad, MCKinney, and Abbey showed 
that the ove~all transfer coefficient inc~eased with an 
increase in eithe~ the gas o~ water rates, and in more cases 
can be represented by straight lines on a double logarithmic 
scale plot. The variation of Kga with gas rate ranged from 
the 0.40 to the 0.90 powe~ of the gas ~ate depending on the 
packing. This variation indicated that a single value such 
as 0.8 cannot be taken for all packings and that the exponent 
for any packing may depend on the relative 1mpo~tance of 
laminar diffUsion and transfe~ due to gas turbulenoe. 
Whitman, Long, and Wang (22); Hatta, Veda, and Baba 
(23); and Johnstone and Williams (24), as mentioned by 
Dwyer and Dodge (14), reported on the absorption of ammonia 
from air by single drops of wate~. Johnstone and Williams 
also used sulfuric acid as absorbent in plaoe of the water. 
Overall transfer coefficients for the absorption 
of ammonia and sulfur dioxide in a water spray and the 
abso~ption of benzene vapors from air into an oil spray were 
determined from an inner "wall free H section of a spray type 
absorption tower by Hixson and Scott (25). The effects of 
variable fluid flows at three tower heights were investigated. 
The spray tower was fabrioated of galvanized iron tubing 
with an inside diameter of 2-7/8 inches. The tower height 
varied from 19 to 54 inohes. The spray nozzles produced 
rather large drops which ranged from 1.5 to 2.0 millimeters 
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in diamete~. Liquid velocity f~om the nozzle va~ied f~om 
0.23 to 1.58 feet pe~ seoond. The inooming gas st~eam oon-
tained ammonia in oonoent~ations ranging r~om 1 to 2 pe~ 
oent by volume. 
Co~e and total KgB values we~e ~epo~ted. The 
oore Kga values disoounted the ammonia ab.o~bed by the water 
running down the inside surfaoe of the oolumn walls. The 
relation of KgB and the va~iables, such as flow ~ates and 
tower height, was expressed by the derived equation 
where KgB = overall transfer ooeffioient in the united ot 
lbs./min.ou.ft~ mm.Hg. 
G and z,:: gas and liquid rates respeotively in 
H = tower height in feet 




Gas absorption in the usual sense involves the trans-
fer of material from the gas phase into a liquid, in which it 
is more or less soluble. While gas absorption has been 
practiced in one form or another for a considerable period of 
time, there still remains much to be learned about the theory 
of gas absorption and the equipment most suitable for a 
specific application. It will be necessary here to treat this 
sUbject in the light of the present accepted theory, which may 
be quite incomplete with respect to both theory and practice. 
Gas absorption has been properly designated as one of 
the diffusional operations. Since it is a diffusional pro-
cess, the general mechanism of the absorption of a constituent 
from a gas phase by a liquid must be analyzed from the twofold 
point of view of equilibrium and reaction rate. 
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The so-called "two-film" theory has proved quite useful 
in predicting or explaining the change.in absorption rate which 
results from a change in condition. Although it is still only 
a theory, it is plausible and in fair agreement with the 
existing data. Whitman (26, 27) suggested the two-film theory 
in 1923, and since then several other investigators have ex-
tended and elaborated on it. The film ooncept has been of 
inestimable service in providing a mental pioture of the sur-
faoe resistances encountered in interphase transfer of materials, 
and of heat. The word "film" is someWhat misleading, however, 
since it is frequently inferred that the resistanoe is offered 
wholly by a layer of absolutely stationary fluid at the inter-
phase boundary. The e~~o~ of suoh a oonclusion has been 
demonstrated by Blaok and Monroe (28) who show the moistu~e 
gradients in an ai~ stream flowing through a wetted-wall 
column at a Reynolds number in the turbulent flow ~egion as 
reported by Sherwood (29). It is possible, however, to 
imagine a purely stagnent fluid film of suoh a thiokness that 
it would offe~ the same resistanoe as is usually encounte~ed 
in transfe~ between the phases. The thiokness of such a 
fictitious film is best termed the "effective film thiokness". 
In ooncluding the qualitative discussion of the film conoept, 
it should be emphasized that whereas the principal resistance 
to interphase transfer of heat or material is enoountered in a 
nar~ow zone very near the inte~faoe, an appreoiable resistance 
is also p~esent in the main turbulent fluid stream. 
The fi~st ~equirement of engineering eqUipment for 
gas abso~ption is that it be designed to b~ing two separate 
phases into intimate contaot. Since the gas to be t~eated, 
and the liquid solvent, are both fluids, the mate~ial at the 
interface or surfaoe of contaot between the phases is not 
fixed but may itself be in motion. OWing to free or fo~oed 
oonneotion our~ents, the main body of eaoh fluid is inva~iably 
in motion with ~espeot to the inte~faoe. The~e is~oonse­
quently, a fluid "film" adjoining the inte~faoe in eaoh film, 
and the prinoipal ~esistanoe to inte~phase diffusion is this 
double film. The ~elative resistanoes of the liquid and gas 
films depend prima~ily on the nature of the fluids, the~ 
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relative motion, and the solubility of the solute gas in 
the absorbing liquid. 
The analytioal treatment of the diffusion through 
each of the two films has been quite thoroughly described by 
Sherwood (30). Since the films are sufficiently thin so that 
the solute retained by them may be neglected, it is possible 
to equate the rates of diffusion through the gas and liquid 
films. 
(1) : DL (CA+ O~) (01- O'L) 
~L BM 
There appears to be no e videnoe of an appreoiable 
diffusional resistanoe at the actual interfaoe, and it seems 
only reasonable, but in aocord with the available data, to 
assume that there exists no resistanoe of suoh a oharaoter. 
It follows, therefore, that the gas and liquid phases at the 
aotual interfaoe are in equilibrium and that the relation 
between Pi and Ci is the equilibrium relation between the two 
phases for the system involved. The overall resistanoe to 
interphase diffusion is evidently the sum of the individual gas 
and liquid "film resistanoes"~ 
For purposes of engineering computations, many of 
the terms of Eq. (1) may be grouped in the form of individual 
"film coefficients" and the expression rewritten~ 
(2) 
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Where kg is the gas film coefficient and kL is the liquid-film 
coefficient. Obviously kg is a function of temperature, 
total pressure, and mean pressure of inert as well as of the 
various factors which determine the value of D and of the 
effective gas-film thickness. Similarly, kL is a function 
of solute concentration and DL and of those factors governing 
-?VL. For these reasons the extrapolation of experimental 
values of kg ~d kL is usually somewhat hazardous. 
Equation (2) states that the weight rate of diffusion 
through each film is proportional to the driving force appli-
cable'to the particular phase. In the case of the gas film 
the driving force is expressed in terms of partial pressures, 
while in the liquid film it is expressed in terms of solute 
ctncentrations. The ratio of the driving force (Pg - P1) to 
the driving force (01 - 0L) is determined by the rat10 of 
kL to kg, but the actual values of P1 and 0i are determ1ned 
by the equil1brium or solubility relation. For example. 
it kg = kL then 
If the case in question is that of a very soluble gas, then 
the only way for the driving torces to be equal would be for 
P1 to be nearly as small as PgI the equilibrium value cor-
responding to C'L' since with a large value of P1 the concen-
tl"ation 0i would be very lal"ge and the diffel"ence (Oi - 0L) 
too great. Actually, if kL and kg are of the same ordel" of 
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magnitude in the units employed, then for a liquid and a very 
soluble gas, suoh as water and ammonia, Pi will necessarily be 
practioally equal to Pe and equation (2) may be written 
(4) 
It follows that the rate of diffusion is nearly the same as 
though the liquid film were absent, and the gas film resist-
ance is said to be controlling. This conolusion is supported 
by experience with industrial absorption equipment, in which 
it is found that the factors influencing the liquid film re-
sistance are of negligible consequence when handling liquids 
and highly soluble gases. 
Pursuing a similar line of reasoning, it follows 
that for liquids and relatively insoluble gases, Pi becomes 
nearly equal to Pg and Ci nearly equal to Ce , the equilibrium 
value corre~ponding to Pg. The diffusion equation becomes 
(5) NA = kL (Ce - CL) 
The gas film is eliminated from consideration, and the liquid 
film resistance is said to be controlling. For gases of inter-
mediate solubility, the resistance of each film must be taken 
into account. 
Where allowable, it is convenient to employ a single 
overall coeffie1ent, in place of the two film coefficient. 
kg and kL- The two overall coefficients, Kg and KL are de-
fined by the eq~tion. 
( 6) 
Where Pe is the pressure in equilibrium with the concentration 
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0L, and Oe is the concentration in equilibrium with the 
pressure Pge IG:t is the overall coeft1e1ent in terms of pres-
sures, and KL 1s the overall ooeffioient in terms of ooncen-
trations. 
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It is important to realize that the overall co-
efficient should be employed only when (Pg - Pel remains pro-
portioned to (Oe - OL) as pressure and concentration are varied. 
If this proportion oeases to hold, it is evident from Eq.(6) 
that as the ooncentration ohanges, KL or Kg will vary. In 
order for the proportion to hold, it is neoessary that Henry's 
. 
law should apply; that is.' 
(7) 
For systems which do not follow Henry's law, the overall co-
eff1cients are frequently found to vary widely with concen-
tration, and should be used with the utmost caution~ 
Where Henry's law does apply, the relation between the 
oveJ:'all and the individual film coeffioients may be obtained 
by eliminating 0i and Pi from Eqs. (2) and (6): 
( 8) 
(9) 
It is evident fJ:'om Eqs. (8) and (9) that as H becomes high 
in value, the gas film J:'esistance approaches the overall J:'e-
sistanoe, and kg appJ:'OBches Kg in the limit. Similarly it 
H is made very small, the liquid film and overall resistanc~s 
become practically equal in magnitude. Since a large H oor-
responds to high solubility~ these considerations verify the 
previous general conolusions that gas-film resistance becomes 
controlling for highly soluble gases, but that in the case of 
a gas of low solubility the controlling resistanoe is spon-
sored by the liquid fUm. 
The overall ooeffioient ~ was defined by Eq. (6) 
to be the rate of interphase diffusion as mols per unit time 
per unit area per unit of driving force expressed in terms 
of ~essures. The superfioial surface area of the ordinary 
paOked tower is d1tfianlt, if not impOSSible, to evaluate. 
It is usually possible to calculate the total surface of the 
dry packing material, rut this is somewhat greater than the 
interfacial ares, beoause the oiroulated solvent tends to 
oollect at the points of contaot of the lumps of paoking. 
Then, too, the effeot of oolumn ohanneling may prevent the 
solvent from being distributed over all the paoking surface. 
At low solvent t~oughput rates~ the solvent may not be 
suffioient in quantity to oompletely wet all the surface area 
of the packing. Por such reasons it is oonvenient to 1nt~duce 
a new variable a, which represents the interfaoial area per 
unit of tower volume. Sinoe both a and Kg depend primarily on 
the nature of the paoking, they may be combined a s a produot 
xga, whioh represents the overall oapaoity coeffioient on a 
volume basis for any particular paoking. ~hus Kga represents 
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rate ot interphase diffusion expressed as mols per unit 
time per unit volume, per unit Of driving force in terms 
of pressures. It can be defined by the equation 
(10) HAaV = xga V(Pg - Pel 
Where V represents the volume of packed section. KLa is 
Similarly defined by the equation 
(11) HAaV = KLa V(Ce - eL) 
as the rate of diffusion as mola per unit time per unit 
volume, per unit of driving force in terms of concentrations. 
In the application of the various rate equations 
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the conditions of a commercial absorption tower, it is 
necessary to allow for the fact that both gas and liquid con-
centrations vary thl'oughout the apparatus. Walker, Lew! s j' 
McAdams, and Gilliland (6) developed and described a gra-
phical method to allow for these variables. The present treat-
ment will tollow these authors closely in method and 
nomenclature, but will employ partial pressures instead ot 
stoichiometric units tor ~s concentrations. 
In conSidering a-r countercurrent absorption equip-
ment, such as a packed tower, the absorbent enters at the 
top containing L pounds per hour of solute tree liquid per 
square foot ot tower cross section with X2 pounds of solute 
per pound of sO,lvent. In passing down the column the solute 
concentration increased to Xl in the solvent. The gas to 
be treated enters at the bottom, with G pounds per hour per 
square foot of tower cross section of solute free or inert 
gas, and with a partial pressure of the solute gas equal to 
Pl atmospheres. At the top the partial pressure of the 
solute in the outlet gas has been reduced to P2. If the 
column pressure drop is assumed to be negligible in com-
parison with the total pressure P, the overall material 
balance may be written as 
(12) ~ (Xl - X2) = .JL [Pl - Pa J 
lfA 1lB P - Pl P - P2 
For the case of solute gal highly soluble in the 
absorbent, such as the absorption o~ ammonia by water, the 
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liquid-film resistanoe may be assumed to be negligible in 
comparison with the resistance of the gas film. Under such 
conditions the conoentration drop across the liquid film may 
be combined with the other film pressure drOPS6 and the 
partial pressure of the solute at the gas-liquid interfaoe 
may thus be taken as the equilibrium pressure corresponding 
to the main body of the solution. The driving force across 
the gas film is considered, therefore, as the difference 
between the pressures read from the operating and equilibrium 
curves, respectively, at any conoentration C in the main body 
of the liquid. Similarly, the mean inert gas pressure PBlf at 
any point beoomes the mean of P - P and P - Pe, where p is the 
partial pressure of solute in the gas phase, and Pe is the 
equilibrium pressure aver the solution. For the case of gas-
film resistance controlling, Sherwood (7) has derived the 
following equation: 
(13) h = GP S P~ PB:u: dp 
-,;ra P2 Ita "T"!( p~_.-,jp'!'f) 2"1fooo--!-( p..-Pe-)-
\'Ibe:re h 1s the :requ1:red he ight of packing. The capacity 
coefficIent ka/", is defined 'Iry' S~:rwood as 
...!A... = kga PBJ( 
7' 
Equation (13) then becomes 
(14) h = GP SP~ dp ~ P2xga (p_p)2 (P-Pe) 
Fo:r the :resistance of a gas phase cont:rolling 
system, Walke:r, Lewis, McAdams, and Gilliland (31) have ex-
p:ressed the va:riables affecting packing height in the 
nomenclature employed by She:rwood as 
(15) dY 
• (Y - Ye) 
whe:re Y, the solute concentration in the gas st:rean, is 
expressed in molal units. 
Equations similar in form to Eqs. (l4) and (l5) 
can be derived fo:r the situation when the liquid film :re-
p:resents the cont:rolling :resistance. 
She:rwood (32) bas pointed out that although the 
graphical' procedure as p:rev10usly outlined must be employed 
in many practical design p:roblems, it is f:requently possible 
to use a single mean d:riving fo:rce o:r petent1al and so obviate 
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the graphical integration. Where it is possible to assume 
that the equilibrium aurve is linear over the operating range, 
it can be shown that the logarithmic mean of the terminal 
potentials is theoretically correct. When the gas-film 
resistance is controlling, the calculation then reduces to the 
solution of the equation ' 
(1'1) (Y - Ye)avg~ - (Y-Ye)l - (Y.Ye )2 
In (Y-Ye)i... 
(Y-Ye)2 
where the subscripts, 1 and 2, refer to entrance and exit gas 
conditions respectively. It may be noted that with the gas 
film controlling, it is necessary that the equilibrium curve 
be linear between X2 and Xl if -the logarithmic mean potential 
is to be used. With liquid film controlling, the logarithmic 
mean driving force applies if the equilibrium curve is linear 
over the range Y2 to Yl-
In deteI"llling the value of the overall transter 
coefficient experimentally, previous investigators (14. 15) 
studying the absorption of ammonia by water have used equations 
similar to Eq. (16) but differing in that partial pressures 
were employed instead of stoichiometric units for gas conoen-
trations. In this investigation of Fiberglas packing the ex-





{p ~ 'Pe)l -{p - Pe)2 
In (p - Pe)l 
(p - Pe)2 
In this equation the weight of ammonia absorbed per unit time 
is expressed in pounds per minute, and the logarithmic mean 
driving force has the units of millimeters of mercury. Thus 
the overall transfer coefficient as oalculated from this 
equation willbe expressed as pounds per minute per oubio 
foot per millimeter of mercury driving force. Ammonia is 
highly soluble in water, and has been shown to obey Henry's 
law in the low oonoentration range. The operating conditions 
imposed on the Fiberglas paoked column in this investigation 
were suoh that the quantity of water in comparison with the 
amount of ammonia input was sufficient to produoe a discharge 
liquor whose ammonia concentration was low. The equilibDlum 
curve over the operating range is therefore s straight line, 
and the logarithmic mean potential can be applied. 
Equation (lS) is equivalent to Eq. (l6) as given 
by Sherwood except for the difference in units employed. In 
Eq. (l6) the product of either L{Xl- X2) or G{Yl - Yg) is 
equal to the weight of solute absorbed per unit time. Sinoe 
C(avg.is equivalent to {P-Pe)avg./(Y-Ye)avg.~ Eq. (16) in 
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molal units becomes 
(2) L (Xl - X2) 
Kga = MA 
h (Y .. Ye)avg. 
since L is exp~essed in pounds pe~ hour pe~ squa~e foot of 
c~oss section, and h term in Eq. (20) can ~ep1ace the V term 
in Eq. (18), and the two equations are identica~~ 
In orde~ to apply theoretical plate concept to 
a packed tower, a certain height of packing has been ~e-
ga~ded as accomplishing the same' separation as one theore-
35 
tical plate. The "height of packing equivalent to one 
theo~etica1 plate" has been termed by Peters (33) the "H.E.T.P.". 
The numerical value of the H.E.T.P. is an indication of the 
capaCity of the app~atus. as are the capacity coefficients 
~ and KLa. It should be noted, howeve~, that large values 
of Kga and KLS correspond to small values of H.E.T.P. 
Theo~etica1ly, the H.E.T.P. is a section of pack-
ing of a height such that the vapor leaving the top of the 
section will have the same composition as the vapor in equili-
. brium with the liquid leaving the bottom of the seotion. 
Sherwood (34) has shown that when the gas film cont~o1s .. 
(21) H~E.T.P. = 2GL 
itA DC Kga (LtmG ) 
where m ~epresents the slope of the equilibrium ourve over 
the range of conoentration in question. Fo~ a ve~y dilute 
gas, in which the partial pressure of solute gas, Pg, is 
negligible compared with the total operating pressure, the 
conversion factor beoomes equal to PMyMj, and the relation 
simplifies further to 
(22) H.E.T.P. = 2GL 
PMB Kga (L+mG) 
The equation in this form will be used to oalculate the 
experimental H.E.T.P. values for Fiberglas when used as a 
paoking in the absorption of ammonia by water~ 
For the sake of ease and simplicity in oomputing 
the experimental H.E.T.P. values, an equation was desired 
whioh related H.E.T.P. to the operating variables oonsidered 
in this investigation. An equation which expressed the 
variables affeoting the H.E.T.P. in the units in whioh the 
experimental quantities were measured would be very advan-
tageous. To achieve suoh ends, an H.E.T.P. equation was 
derived oombining the several oonstants of Eq. (22) for the 
partioular absorption system, ammonia-water, and expressed 
the variables in the experimentally measured units. 
To To oonvertG from the units, pounds per hour per 
square foot of cross section, as required by Eq. (22), to 
cubio feet of saturated air at 700P, the normal operating 
temperature, a constant was worked out mathematically such 
. 
that, G ~ (O.F.M.) (5.66). A similar constant, L = (637) 
(G.P.M.), was obtained for oonverting the L term of Eq~(22) 
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to gallons of water per minute. To convert the Kga from the 
units of Eq. (22) to'pounds per minute per cubic foot per 
millimeter of mercury driving force, it was necessary to 
multiply the Kga in the units of Eq. (22) by 2685. Tll:Ile average 
slope of the equilibrium curve for ammonia-water in the range 
from 0 to 2 per cent ammonia by weight in the discharge 
liquor was found to be O.275~ Assuming a total pressure of 
one atmosphere and taking the molecular weight of air as 
28.85, Eq. (22) after applying the conversion factors was 
reduced to 
(23) 
where Kga has the units of pounds pel' minute per cubic foot 
per millimeter of mercury driving force. 
Equation (21) beings out the important point that 
the ratio of slopes of operating and equilibrium curves is 
involved in the relation between Kga and the H.E.T.P. There-
fore tre H.E.T.P. is clearly not so fundamental as the 
overall coefficient Kga, and it is quite possible for the 
H.E.T.P. to vary widely over the range of concentrations 
involved in a commercial absorption tower. The overall 
transfer coefficient is generally not affected by variances 
in concentrations, but variations in temperature or pres-
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sure will influence it. Theoretically, the use of the H.E.T.P. 
is unsound because it substitutes a stepwise calculation for 
integration. However, whare the operation !s such that the 
number of theoretical plates is large and the change in 
concentration per plate small, the error is well within the 
accuracy with Which such columns can be designed. 
An alternative design method possessing many of 
the advantages of the plate concept, but not subject to the 
limitations outlined in the last paragraph bas been de-
scribed by Chilton and Colburn (35). A quantity which re-
presents a measure of the difficulty of the desired separation 
has been defined by Chilton and Colburn as the number of 
transfer units. The height of cOlumn corresponding to one 
transfer unit has been properly designated as the "height of 
a transfer unit" ornH.T.~ A low value of H.T.U. is 
associated with a high Kga value as is also true for the 
H.E.T.P. The numerical value of the H.T.U. increases with 
increaSing gas velocity through the column, provided Kga in-
creases as less than the first power of G. Since the H.T.U. 
concept is based on an integration of the basic diffusion 
equation, 
~~P~a~c~k~i~pg~H~e~i~g~h~t~~__ • ______ ~h~ ______ __ 
(24) H.T.U.- Number of Transfer Units (Pl dp PBX 
Jp2(p-pe) (P - p) 
the H.T.U. should not vary with solute concentration in the 
gas stream, as does the H.E.T.P. Although this method is 
basicall7 the same as the use or overall coefficients such 
as Kga, it has the advantage that the H.T.U.has only one 
dimension (length), and does not vary widely with change in 
gas velocity. 
For the case or gas-film controlling, and if the 
gas contains very little solute, that is, Pg is small com-
pared with P, Sherwood (34) has derived an equation express-
ing H.T.U. as the function 
(25) G H.T.U. = xga PMB 
Applying the conversion factors as was done in the case of 
the H.E.T.P. relation, Eq. (25) simplifies to 
(26) (a.F ••• ) 
(xga) 
where KgB is again expressed in pounds per minute per cubic 
foot per mill~eter of mercury driving force. A similar 
treatment is possible for the cases when the liquid film 
controls. 
The H.T.U. and the H.E.T.P. differ appreciably only 
when operating and equilibrium lines are far from parallel. 
Thus, when operating and equilibrium lines are parallel and 
the gas dilute, the H.E.T.P., and H.T.U. become almost 
identical. 
The foregoing discussion has assumed isothermal 
operation, an assumption that is usually satisfactory where 
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dilute gases and liquid are being handled. However, in 
~.ses such as the absorption of hydrogen chloride gas in 
water, the heat evolution is sufficient to raise the tem-
perature in the tower appreciably. The changes in tempera-
ture may be sufficient to alter the equilibrium conditions 
to the extent of raising the equilibrium curve with respect 
to both coordinates. Since the temperature effects are 
usually such as to kinder the desired separation, the 
capacity of the operation may be seriously limited. In 
most cases it is a relatively Simple matter to correct for 
the changes in temperature because of the heat of solution 
or oondensation of the vapor. This c0rrection is possible 
because the heat liberated is a function of the change in 
oomposition of the liquid, so if the heat capacity of the 
solvent is known, the relation between temperature rise and 
conoentration may be calculated quite easily. An equilibrium 
curve that no longer represents isothermal oonditions and 
that takes into account .the temperature variation through 
the column may then be constructed. 
The operating conditions under which the absorp-
tion of ammonia by water was performed in this investiga-
tion were such that the inlet gas mixture was always very 
dilute and the resulting exit liquor very weak in respeot 
to ammonia content. Therefore, the heat of solution of 
ammonia could be neglected and isothermal operation assumed. 
It is important to note the manner in Which the 
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I, 
solvents flows down or is di8tributed over the surfaoe area 
of the packing material in absorption columns. The type ot 
flow through a particular packing should be studied in order 
to determine whether the liquid absorbent flows in con-
tinuous or pulsating sheets~ the relative amount of turbu-
lence, and the directional fluctuation in the liquid stream. 
The effect of liquor rate has been previously interpreted as 
influencing the liquid film coefficient, and to a lesser 
extent the gas film coefficient. This condition may some-
times be due to an effect on the distribution over the pack-
ing and hence on the active interfacial surface of the 
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packing. The nature of the flow over the packing surface could 
also influence the relative amount of utilized surface area. 
In investigating the mass-velocity characteristics 
of Fiberglas as reported by Akell (3) it was observed that 
liquid flow in a Flberglas packed column was closely related 
to free fall in an empty tower. The presence of the packing 
seemed only to retard this free fall. At low liquid rates 
the flow resembled the surface ~f film type, that is, the 
liquid tended to roll down over the surface area of the 
individual fibers. For the intermediate liquid flow rates, 
somewheeD between loading and flooding conditions, the flow 
was of the hindered dropwise or retarded free-fall type~ 
Flow in the flooding region of Fiberglas packing consisted 
of quickly dissipated layers of liquid-gas froth within the 
, , 
paok1ng produoing a deoreasing surfaoe effeot. This is 
somewhat analogous to liquid flow over wire helioes as 
indioated by Bain and Hougen (36)~ 
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EXPERIMENTAL PROCEDtRE AND RESULTS 
I, 
The absorption cOlumn employed in determing the 
mass-transfer characteristics of Fiberglas consisted of five 
section fabricated of Pyrex glass, each with a height of 
2 feet and an inside diameter of 1 foot. This same column 
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was used by Akell (3) in investigating the mass-velocity 
characteristics of Fiberglas. A complete description of the 
column and auxillary apparatus has been presented in his thesis. 
The indiVidual glass seotions were packed to a height of 24 
inches with Fiberglas in the vertioal jaok-straw arrangement. 
At the top of each section was a small opening through which 
water distribution was observed. Thus an overall height of 
packing dt 120 inches was secured at an average packing 
density ot 4.70 pounds per cubic toot. A detailed account 
ot the method of inserting the Fiberglas and other packing 
data has been previously reported by Akell (3). The experi-
mental absorption column plus all the required auxillary 
apparatus is diagramatically listed in Fig. 1. Figure 2 
gives a view of the packed sections. 
The surface area of the packing was computed from 
an adaptation of the empirioal tormula supplied by the manu-
facturer, using the density of the glass as 155 pounds per 
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Fig. 2 View of Packed Column 
oubio foot is 181 square feet per oubio foot~ 
The data obtained from the initial absorption runs 
demonstrated that almost oomplete absorption of the ammonia 
from air was being aohieved. There was oonsiderable doubt 
whether a measurable quantity of ammonia was remaining in the 
outlet gas. Therefore~ to reduoe the peroentage of ammonia 
being absorbed two of the oolumn seotions were removed. In 
this manner the overall height of paoking was shortened to 
72 inohes and the effeotive absorbing surfaoe area deoreased 
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by approximately 40~. As a result, a greater oonoentration of 
ammonia was allowed to remain in the outlet gas, and the pre-
oision of the determination of ammonia in the outlet air stream 
was inoreased. The first 24 absorption runs were oarried out 
with Fiberglas paoked to a height of 10 feet while the remain-
ing 31 runs utilized a paoking height of 6 feet. 
The oarrier gas for the ammonia was humidified air. 
The air was supplied by a Buffalo Forge Blower Model No. 5E 
designed to deliver a max~ of 500 oubio feet per minute at 
14.9 inohes of water pressure. The blower may be seen in 
Figs. 3 and 4. Air from the blower was delivered to a humidifier 
of the wooden grid type where itwas brought into oontaot with 
a water spray. The saturated air was disoharged from the humi-
difier and was oonduoted to a water separator. Air entered the 
separator tangentially, and the entrained water was removed by 
the ensuing oentritugal aotion, The exit air was found to be 
essentially £ree of entrained water and could be assumed to 
be oompletely saturated with water vapor. The humidifier and 
separator may be seen in Figs. 3 and 4. 
48 
In order to increase the rate o£ throughput air for 
the later runs, it was neoessary to eliminate a large portion 
of the resistance to air £low by removing the humidifier and 
separator £rom the system. Thus, the oarrier air was no 
longer saturated, but was air of the same relative humidity as 
that determined by room conditions usually about 6~ R.H. 
Dwyer and Dodge (14) have previously shown that the effeot of 
humidity of entering gas on the overall ooeffioient is quite 
small and within the limits of experimental error. The air 
rates employed by the operating conditions of the early 
absorption runs (Runs 1 - 24) permitted the use of the humi-
difier and separator. The, removal of the humidifier and 
separator together with the reduction of paoking height were 
accomplished simultaneously. 
The volume of carrier air supplied to the base of the 
column per unit time was measured by means of a sharp edge 
orifice inserted in the line entering the bottom section of the 
tower. Because a wide range of air flow was required, three 
different orifice plates each of a different size and covering 
a definite range of flows were used. It was calculated that 
no single orifice size could oover the range without reaching 
either pressure differentials that could not be accurately 
read or pressures that would exceed the pressure rating of the 
Fi2. 3 Air Supply System to Column 
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Fig. 4 Blower and Humidifier Section 
blower. This arrangement permitted a reasonable reading on 
the manometers and a reasonable pressure reoovery for any 
range up to blower oapaoity. The orifioe plates were fabri-
oated of stainless steel with aoourate openings of 1.000. 
2.000, 3.000 inohes. 
The rate of flow through the 1 inoh orifioe was 0 om-
puted from the gas flow equation given by Rhodes (37) with 
orifioe ooeffioients taken from the ~me source. 
Q = CID~H'P'T'S'M B' 
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The results of this oalculation are presented in Fig. 5 showing 
the air flow rate versus orifice pressure differential. The 
1 inoh orifice was used in the range of flow of 0 to 50 oubic 
feet per minute. 
The 2 inch orifice was calibrated by oalculation and 
ohecked by anemometer readings. The 3 inoh orifice was cali-
brated against the 2 inch orifice by making the assumption 
that any given air flow will produoe the same oolumn pressure 
drop regardless of which orifice is used to measure the flow. 
and was rechecked by calculation from accepted formulae. Suoh 
oalibration work was performed while oonduoting the mass-
velooity tests of Fiberglas as reported by Akell (3). The 
2 inch orifice was utilized in the range of 80 to 180 cubio 
feet per minute and the 3 inoh from 120 to 260 oubic feet per 
minute. The calibration curves for the 2 inch and 3 inch 
orifice are presented in Figs. 6 and 7 respectively. 
5 1 Inch Orifice Calibration Curve 


A view of the orifice installtion and manometer can 
be seen in Figs. 3 and 4. 
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The absorbable gas, a;monia, \V8S supplied·from a co~ 
mercial 50 pound cylinder. A needle valve in conjunction with 
the cylinder cock was used to regulate the flow of input ammonia. 
Since the expansion of a gas produces a cooling effect, the 
ammonia cylinder was placed in a 55 gallon drum into Which water 
was circulated. The water was to heat the cylinder in order to 
compensate for the cooling effect, and thus prevent freezing. 
The ammonia input was measured approximately by means 
of a 1/4 inch orifice, and a U-tube gage with ammonium hydroxide 
which served as the manometer. This orifice arrangement was 
not calibrated accurately, but an approximate curve was estab-
lished from the manometer settings in the early absorption nuns. 
It was not necessary to measure accurately the rate of input 
ammonia by means of this orifice since this value was deter-
mined from an ammonia balance over the column. 
The solute gas, ammonia, entered the air line down-
stream from the air flow orifice through a 1/8 inch pipe bent 
so that the end inside the pipe discharged along the axis of 
the air pipe, heading downstream. The end of the ammonia inlet 
pipe was placed inside a "hat" mixer, a cylinder with slots 
open at one end. The construction details and dimensions of 
the "hat" mixer have been previously presented by Akell (3). 
Air flowed through the air pipe around the outside of the 
cylinder and through the slots producing ~gh turbulence. The 
turbulent air mixed with the ammonia and disoharged from the 
mixer. The ammonia supply system may be seen in Fig. 3. 
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Samples of the inlet and outlet gas were withdrawn 
for analysis by means of sampling tubes installed aoross a 
diameter in the inlet and exit gas lines. These sampling tubes 
oonsisted of 1/8 inoh pipe having one end sealed, with 5 equi-
distant 1/8 inoh holes passing through one side of the pipe 
only, and drilled over a length of 4 inohes facing opposite 
to the direction of gas flow. 
The water supplied to the column was measured with 
a rotameter and by-pass arrangement. The rotameter had a 
oapacity of 18.25 gallons per minute and was oalibrated by 
the manufaoturer. For water rates above 18.25 gallons per 
minute a by-pass valve was opened and water was allowed to 
pass through both the rotameter and by-pass. Flows in this 
range were previously calibrated by weighing the discharge 
water, and the data for this calibration have been given by 
Akell (3). A plot of the rotameter calibration as furnished 
was used in the range of 0 to 18.25 gallons per minute and is 
shown in Fig~ 8. A seoond plot showing the position of the 
rotameter float when the by-pass valve is tully open and 
covering the range of 18 to 55 gallons per minute is present-
ed in Fig. 9. The maximum water throughput rate employed in 
the experimental absorption runs was 51.2 gallons per minute. 
The rotameter and by-pass are shown in Fig. 10~ 










~ig~ 11 Bottom Oolumn Seotion 
through the sampling tubes provided in the respeotive inlet 
and outlet gas lines by means ot vaouum furnished by a siphon 
bottle. The siphon bottles were 5 gallon glass bottles filled 
with water. From the weight ot water displaoed, the volume 
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ot the oolleoted gas sample could be oomputed. Preoeding the 
siphon bottles in the 'gas sampling apparatus, two gas absorption 
bottles were supplied. The absorption bottles were provided 
with bubbling tubes of the Folin improved absorption bell 
type. Glass tubing connected one bottle with another, and 
rubber tubing was used to seal the respective glass tubes. In 
this manner the gas sample tirst passed through two gas ab-
sorbing bottles where all the ammonia was reoovered and only 
air was actually drawn into the siphon bottle. The gas 
sampling apparatus oan be seen in Figs. 3 and 10. 
For the inlet gas sample a varying volume ot approx-
imately O.lN sulfuric acid was placed in the first gas absorp-
tion bottle, and the required volume ot distilled water was 
then added to give a total volume ot solution amounting to 
250 ml. The quantity ot O.lN sulfurio aoid was varied aooord-
ing to the ammonia conoentration ot the entering gas stream 
tor eaoh particular run. Such a oompensation was necessary 
in order to maintain the resulting solution just slightly 
basic at the completion ot the gas colleotion period. The 
sulfuric acid was required in order to neutralize the major 
portion ot the absorbed ammonia and thus insure a complete 
reoovery ot ammonia. It was desired to produce a resulting 
solution that contained ammonia in excess because a back 
titration could then be performed using sulfuric acid. A 
sulfuric acid solution of known concentration can be stored 
for a considerable length of time without undergoing any 
serious changes in strength. The resulting basic solution 
contained in the first absorption bottle of the inlet gas 
sampling apparatus was then back titrated with O.lN sulfuric 
acid. If the solution in the first bottle remained acid at 
the completion of tbe gas collection period, the amount of 
excess sulfuric acid was determined by titration with a 
O.OlN solution of standard base. 
In the event that the first bottle failed to accom-
plish a complete absorption of ammonia, a second gas absorb-
ing bottle was provided into which 250 ml of distilled water 
were placed. The quantity of ammonia absorbed by the water 
of the second bottle was slight during all of the runs, and 
the resulting solution was satisfactorily titrated with 
O.OlN sulfuric acid solution. 
Since the ammonia concentration of the outlet gas 
stream was slight at all times, the second gas absorbing 
bottle of the outlet gas sampling apparatus contained only 
250 ml of distilled water. Titration with O.OlN sulfuriC 
acid could then be successfully applied to the resulting 
solution after the gas sample had been collected. The first 
bottle of the exit gas collection setup served merely as a 
gas trap during the initial runs and then was removed from 
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the apparatus since it served no useful purpose. 
Samples of the discharge water from the column were 
collected for each of the experimental absorption runs. A 
25 ml. prot ion of the discharge liquo~ to which 225 ml. of 
distilled water were added was titrated with O.lN sulfuric 
acid in order to determine the ammonia content. The results 
from all the analytical determinations are shown in Table V 
given in the appendix. 
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The selection of the proper indicator for an ammonia-
sulfuric acid titration was based upon the pH range of this 
system at the stoichiometric point. Several suitable indica-
tions with respeot to pH range were listed by Lange (38). but 
methyl red was found experimentally to exhibit the most dis-
tinguishable color change at the end point. Methyl red Was 
subsequently employed as the indicator for all the required 
titrations. 
The data from the first few absorption runs demon-
strated that the slight akalinity of the inlet water to the 
oolumn could seriously affect the analytical determination 
of the ammonia ooncentration of the discharge liquor. The 
alkaline quality of the water would have increased the 
analytically determined ammonia content of the water flowing 
from the column. To correct for this effect a sample of the 
water supplied to the column was titrated with O.OlN sulfuric 
acid in order to determine the actual number of milliequiva-
lents of sulfuric acid required to neutralize only the ammonia 
absorbed by the water. The basic nature of the distilled 
water used in gas sampling absorption bottles could also 
seriously affect the accuracy of determing the ammonia con-
centration of the incoming and outgoing gas stream by analy-
tical means. Therefore~ a similar correction was aohieved 
by titrating the available distilled water with O.OlN sulfuric 
aoid. This slight basic quality of the distilled water could 
have augmented the resolved exit gas ammonia content to a 
considerable extent. 
The temperature of the discharge liquor from the 
absorption tower was measured by immersing a thermometer into 
a sample portion of the discharge liquor immediately after 
being procured. The temperature of the outlet gas stream was 
also found to be equivalent approximately to the temperature 
of the outflowing water and isothermal absorption conditions 
were approximated. The entering gas stream was essentially 
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at room temperature for the majority of the runs, and room 
temperature was approximatel,- 700 F at all times. In execut-
ing the early absorption runs When the humidifier and extra in-
ment separator were still connected to the system, the incoming 
air was subsequently cooled a few degrees below room tempera-
ture due to the action of the water sprays while passing 
through the humidifier. 
The procedure established and adhered to for operat-
ing the absorption oolumn was as follows: 
1. The rotameter arrangement was adjusted to allow a 
water flow of about 30 gallons per minute to pass down the 
column to thoroughly wet the Fiberglas packing. The blower 
was then set into operation, and a maximum flow of air was 
blown up the column. This wetting technique was continued 
for at least ten minutes. 
2. The manometer in conjunction with the orifice 
measuring air throughput was set to the required pressure 
differential reading in order to deliver a specific air flow 
by adjusting the air by-pass valve. The rotameter was then 
regulated to permit the desired quantity of water to flow 
down the column. The respective manometer and rotameter read-
ings were checked periodically for 15 minutes in order to 
allow the flow rates to become steady and free from serious 
fluctuations. 
3. During the time interval conceded for obtaining 
steady flow rates the respective gas abs~bing bottles of the 
inlet and outlet gas sampling apparatus were being filled with 
the proper volumes of distilled water and sulfuric acid. The 
required quantities of water and acid were measured with 
pipettes and graduated cylinders. The various absorption 
bottles were then connected in series with the siphon bottles. 
4. The cock of the ammonia cylinder was then opened and 
tne needle valve adjusted in order to give the desired readin~ 
on the manometer in connection with the orifice determining 
the approximate ammonia input. Thus the ammonia concentration 
of the incoming gas stream was set within the limits of the 
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desired concentration range. A five minute period was allowed 
for the column to attain equilibrium with respect to operating 
oonditions. 
5. Water was then allowed to drain from the respective 
siphon bottles into previously weighed oontainers and samples 
ot the inlet and outlet gas stream were drawn through the gas 
absorbing bottles ot eaoh gas sampling apparatus. A sample of 
exit water was now oolleoted trom the liquor disoharge pipe. 
6. While the gas samples were being oolleoted simul-
taneously, the immediate readings ot the rotameter, and both 
manometers were reoorded, oolumn pressure drop and the statio 
pressure at the base ot the column were both determined trom 
the same manometer and reoorded. The existing barometric 
pressure was then read from an aneroid barometer. 
7. When the containers reoeiving the water flowing trom 
the siphon bottles were tilled, the Siphoning aotion was 
immediately checked. A second sample ot the discharge liquor 
was then obtained and a therometer was instantly immersed in 
the sample to determine its temperature. The input ot ammonia 
to the oolumn was then ceased and the supply of air and water 
discontinued. 
8. The quantity ot water withdra\vo from each ot the two 
siphon bottles was weighed on a beam balance. All the re-
quired titrations were then immediately pertormed~ 
A sample data sheet will be presented on the follow-






Absorption Run Number 49 
Observers. R. B. Akell and C. P. Talbott 
Air Orifioe Differential'Pressure (3" orifice): 2.6"H20 
Rotameter Readtng. 134.5, By-Pass Valve Closed 
Ammonia Orifice Differential Pressure- 1.90" NH40H 
Barometric Pressure • 745 mm.Hg. 
Column Pressure Dron- 5.1" H20 
Statio Pressure at Base = 5.2" H20 
Temperature of Discharge Liquor = 640 F. 
Titer for 25 ml. Top H20 225 m1 Distilled H20= 2.90 ml. of 
0.0123N.H2S04 
~iter for 250 ml~Distilled H20. 0.30 ml. ot 0.0123N.B2S04 
INLET GAS SAMPLE 
Weight of Siphoned Water Container a 23 lbs.~ 
Weight of Container • 7 lbs. 
Weight of Siphoned Water = 16 Ibs. 
12 1/4 oz~ 
2 1/4 oz.~ 
10 oz. 
First Bottle Second Bottle 
Contents - 25 ml. of 0.0968N.H2S04 Contents: 250 m1~Dist.H20 
225 ml. Dist.H20 
Titer • 16.95 m1. of Titer 
0.0968N.H2S04 
OUTLET GAS SAMPLE 
Weight of Siphoned Water Container: 23 1bs. 
Weight of Container • 7 1bs. 
Weight of Siphoned Water- 16 1bs. 
II 0.95 ml. of 
0.0123N.H2S04 
12 3/4 021,. 
2 oz._ 
10 3/4 oz. 
First Bottle Use Discontinued 
Contents = 250 m1~ of Diet. H20 
Titer II 2.1 m1. of 0.0123N.H2S04 
Titer for 1st 25 ml. of Discharge Liquor 225 ml. Dist. H2O. 
27.95 ml. of 0.0968N.H2S04 
Titer for 2nd 25 ml. of Discharge Liquor 225 ml. Dist. H2O: 
28.15 ml. of 0.0968N.H2S04 




The Fiberglas paoked absorption was operated under 
varying oonditions with respeot to oarrier air, solvent 
water, and absorbate ammonia concentrations. The variance 
in throughput air ranged from 279 to 1496 lbs./br.sq.ft., 
(~ to 5.5 ft./sec), while the supply of input water varied 
from 1590 to 32,600 lbs./br.sq.ft. The ammonia concentration 
of the inooming gas deviated between the limits of 5 to 
28 X 10-3 lbs. NH3!lb. dry air. Suoh a variance on a 
weight basis corresponded to a variation in partial pressure 
of ammonia for the entering gas stream ~om 6 to 33 milli-
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meters of mercury. A large number of runs were made at 
ammonia ooncentration of around 8 X 10-3 lbs. NH3ilb.dry air, 
and the related points are correlated in four graphs. 
Table V in the appendix is a oomplete summary of ex-
perimental data obtained in ammonia absorption runs with 
water in a Fiberglas packed tower. Table VI presents a 
summary of calculated data inoluding overall Kga values, 
H.E.T.P., and H.T.U. values~ 
An examination of the data of the early runs (Runs 
1 to 24) demonstrates that the absorption values were high 
at all times, a reoovery of 99.6% ammonia 'in the rich liquor 
being the lowest found, and the usual value was about 99.9~ 
for the runs. The quantity of ammonia remaining in the exit 
gas stream was extremely low. Such data Showed exoellent 
absorption being aco~plished, although probably too much 
J 
fo~ diso~iminative oaloulations of Kga. In an atempt to 
~emedy this situation, it was deoided to deo~ease the sur-
face area of the Fibe~glas paoking and ino~ease the input 
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of ca~~ier ai~. A dec~ase in the paoking su~face area ~e­
duoed the available amount of active absorbing surface a~ea 
and thus pe~mitted mo~e ammonia to ~emain in the out flowing 
gas. Increasing the ~ate of throughput air increased the 
superficial velocity of the gas stream through the column and 
allowed more ammonia to escape from the column. 
These effects were achieved by removing two glass 
sections from the existing oolumn and by-passing the humi-
difier and entrainment sepa~ator in the expe~1mental abso~p­
tion setup. ~he height of packing was thus dec~eased f~om 
an o~iginal height of about 10 feet to a height of about 
6 feet, and the resistance to gas flow was ~eatly ~educed. 
As previously mentioned, the humidity of the ca~~ie~ ai~ has 
been found to exert little influenoe on the ~a value. The 
results f~om this modifioation we~e favorable as highe~ gas 
~ates were sec~ed, and more ammonia remained in the exit 
gas stream. 
~aphs we~e constructed to illust~ate the effect 
of varient water and .~ ~ates at a oonstant inlet gas 
ammonia oonoentration of the Kga, H.E.T.P., and H.T.U.values. 
The ammonia conoentration of the inlet gas for all plotted 




An inspection of the plot relat~ng to Kga value 
with the water rate, as shown in Fig. 13. reveals that the 
o~erall transfer coeffioient inoreases until the water rate 
is above about 10.000 lbs./hr.sq.ft~ If a packing is com-
pletely wetted, the overall transfer coeffioient should 
remain essentially oonstant for gas film oontrolling systems. 
The ~raph exhibits the same trend for two different air 
rates; however, the higher air rate yields a greater Kga 
value. A hiRher Kga value for the higher air rate should 
be expeoted since a higher air flow causes a more intimate 
mixing of the ammonia and water, and the system has previ-
ously been shown to be gas film contro1l1ng~ 
The plot expressing Kga as a function of the 
oarrier air at a constant water rate below that neoessary 
for oonstant values, as present in Fi~. l4~ shows that the 
overall ooefficient inoreases linearly with the air rate. 
Water rates of 3180 and 6360 lbs./hr.sq.ft. both give 
similar curves. Again, the higher water rate prodtces higher 
Kga values beoause of the more oomplete and uniform wetting 
of the packing. The output capacity of the blower prevented 
the attainment of higher air flows up to the flooding values 
for these water rates. 
The effeot of a variant rate of carrier air through-
put on the H.E.T.P. and H.T.U. values with a fixed water rate 
is shown in Fig. 15.' This plot indicated the almost negli-
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.Fig. 13 Effect 
~1g. 14 Effect of A1r Rate on Kga . 




gible effect of the air rate on these two quantities. An 
H.E.T.P. value ot 2.38 tt. and an H.T.U. value ot 1.33 tt. 
appears reasonable at a water rate ot 3180 1bs./br.sq.ft., 
while a water rate of 6360 lbs./br.sq.tt. gives indication 
that an air rate ot 1,300 lbs./br.sq.ft~ is required before 
constant values tor the H.E.T.P. and H.T.U. of 1.95 ft. and 
, , 
1.05 ft. respectively can be obtained. At an air rate below 
1,300 lbs./br.sq.ft. the H.E.T.P. and H.T.U. values are in-
creasing slightly with increasing air rate until the constant 
values are reached. The 1 •• est air rate shown on the graph 
was the lowest permissible air rate tor a water rate ot, 
6,360 1bs./hr.sq.ft. if any measurable quantity of ammonia 
were to be present in the exit gas. Because of the nature of 
the H.E.T.P. and H.T.U. equation, a high Kga value is necess-
ary for low H.E.T.P. and H.T.U. values. Since a water rate 
ot 3,180 lbs./br.sq.tt. will yield a lower Kga value than a 
water rate of 6,360 lbs~/bJ.-.sq.tt~, the reason tor a higher 
water rate resulting in a,lower H.E.T.P. and H.T.U. is evident. 
When H.E.T.P. and H.T.U. are plotted against the 
water rate at a constant air rate as given in Fig. 16, the 
ourves illustrate that the water flowing down the column must 
be adequate in quantity to wet the packing completely betore 
constant values of H.E.T.P. and H.T.U. can be attained. At 
air rates ot 1,410 and 1,000 Ibs./bJ.-.sq.ft~ and low water 
t10ws the lesser air rate accords a lower H.E.T.P. and H.~.U~ 
because ot the mathematical arrangement ot the equation relat-
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Effect of Water Rate on H. E. T.P. 
ing these terms with the air rate. However t when the water 
oompletely wets the Fiberglas packing t the H.E.T.P. and 
H.T.U. remain constant and demonstrate that they are only 
slightly influenced by the amount of carrier air input. A 
water throughput of 10,000 Ibs./hr.sq.ft. is required before 
the essentially constant values of 1.65 ft. and 0.97 ft. for 
the H.E.T.P. and H.T.U. respectively can be obtained. 
It is interesting to note that when the overall 
ammonia transfer coefficient, the H.E.T.P. and the H.T.U. 
approached a constant value, the air and water flows were 
sufficient for the column to be operating actually above the 
loading point. Reference to the previous work of this in-
vestigation as reported by Akell (3) determining the loading 
and flooding characteristics of Fiberglas packing will sub-
stantiate this faot. The column when operating above the 
loading point had a small column pressure drop of only 
0.3 in H20/ft. of packing. 
Absorption determinations were carried out with the 
column operating under flooding conditions imposed by the 
water rates of Runs 34, 36, and 39. In general, normal ~ 
values were obtained although the H.E.T.P. and H.T.U. values 
were somewhat lower than the normal expected values. For 
example, Run 34 with the column operating with an air rate of 
949 lbs./hr.sq,ft, and a water rate of 32,600 Ibs./hr.sq.ft. 
presented the lowest H.E.T.P. and H.T.U. values of the ex-
perimental absorption runs. The fl.E.T.P. amount to 1.43 ft. 
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while the H.T.U. was 0.71 ft. These operating conditions 
would not be practical and little significance should be 
given to such data since the amount of ammonia in the exit 
gas stream is extremely small and experimental values are in 
some doubt. 
Examination of the data at varying ammonia concen-
trations indicates that the overall transfer coefficient 
increases slightly with an increasing ammonia content in the 
inlet gas; 
ceptible. 
however, at low air rates the trend is not per-
The data are not sufficiently consistent nor 
accurate enough to demonstrate the effect of ammonia concen-
tratimn by means of graphs. 
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DISOUSSION OF RESULTS 
I 
• 
An examination of Figs. 13 and 14 showing the 
effects of water and air rate on the overall transfer co-
efficient reveals that the data are in good agreement with 
the accepted theory governing the ammonia-water absorption 
process. The plot relating Kga with the superficial air rate 
resulting in practically two parallel straight lines for two 
different flows of water input is in agreement, and the trend 
at two water rates is essentially the same with the more 
ample water throughput yielding Kga values of an increased 
magnitude through an increase in the active absorbing surface 
. . 
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area of the packing. In other words, the Kg value. if measured 
independently. would probably remain constant for any water 
rate. But the increase in the wetted surface area of the pack-
ing imposed by an increased supply of downflowing water aug-
ments the surface area term in the Kga factor. 
As was previously noted, the water rate influences 
the Kga value to only a slight extent after the packing has 
been completely wetted, and this is a generally accepted 
conc1~sion. The flow rate of the input water must provide a 
sufficient quantity of water in order to wet the Fiberglas 
in a complete and uniform manner before the independence of 
Kga with respect to liquor rate can be assumed. The greater 
supply of carrier air results in higher Kga values in this 
case because of the increasing tendency of Kga with an in-
creaSing superficial air rate. 
Numerous investigators (11, 14, 15, 16, 17, 21) 
have previously examined the characteristics of an ammonia 
absorption by water, and have drawn practically indentical 
conclusions. There is complete agreement in regard to the 
overall transfer coefficient being predominately controlled 
by the gas rate, and only slightly influenced by the liquor 
rate. The variation of Kga with gas flow has been previously 
expressed as proportional to the gas rate raised to an ex-
ponential power less than unity depending on the type of 
paoking material, and the effeot of liquor rate on the Kga 
value has been formulated in a similar manner. Chilton, 
Duffey, and Vernon (17) have concluded that for a given 
type of paoking,the inorease in the overall absorption 00-
effioient is proportional to some fractional power of the 
increase in surface. KoWalke, Hougen, and Watson (15) 
noted that an increase in the ammonia concentration of the 
inlet gas promoted a slight increase in the value of the 
overall transfer ooefficient. This slight increasing ten-
dency of Kga with ammonia ooncentration was also demon-
strated trom the results of this investigation. A few inves-
tigators (11, 14, 15) asoertained that KgB decreased to a 
slight extent as the temperature increased, but no attempt 
was undertaken to determine the effect of temperature on the 
absorption coefficients in carrying out the investigation of 
Fiberglas tower packing. 
From the above mentioned statements it can be 
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realized that the results of this investigation are substan-
tially in agreement with the deduotions of the foregoing in-
vestigators studying the absorption of ammonia by water. In 
general~ the flow rates employed in this investigation greatly 
exceed the throughput rates imposed by the previous investiga-
tors. The size of the column, however, compares favorably 
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with the experimental columns used in ammonia absorption runs 
reported in the literature. The conformity of the results of 
this investigation with the accepted theory lends oredenoe to 
the basic s~ndness of the experimentally determined Kga values. 
A review of the literature concerning the previous 
work on the ammonia-water system reveals that only a few in-
vestigators (17,21) have presented experimental H.T.U. values 
for a limited number of paoking materials. No attempts have 
been made by the previous investigators to relate H.T.U. data 
with the respective gas and water throughput rates by means 
of plots. 
An examination of Figs. 15 and 16 indicates that the 
trends of the H.E.T.P. under the influence of varying gas and 
liquid flow rates parallel the trends of the H.T.U. under 
similar oonditions. This is logioal for the H.E.T.P. and 
H.T.U. values are oaloulated from equations whioh bear a con-
siderable resemblanoe to one another. The mathematioal setup 
of the respeotive H.E.T.P. and H.T.U. equations is responsi-
ble for the H.E.T.P. value exoeeding the H.T.U. value in an 
approximate twofold manner for thB individual absorption runs. 
No H.E.T.P. values are available in the literature for the 
absorption of ammonia by water. 
In evaluating the H.E.T.P. and H.T.U. values ob-
tained from the data of this investigation, it should be 
remembered that these quantities were oomputed from the KgS 
values. Such values are seoondary quantities; therefore, 
the H.E.T.P. and H.T.U. values are influenoed also by the 
factors that affect the overall transfer ooefficient. Suoh 
faotors can sometimes exert their influence in an indeter-
minable manner. 
It haa been previously stated that there are only 
two literature references to Fiberglas packing; that of 
Minard. Koffolt, and Withrow and that of Herman and Kaiser. 
It is to be understood that neither of these articles deals 
with absorption as such, but both are specifically for re. 
porting distillation investigations. In the field of dis-
tillation, conditions of liquid and gas flow are materially 
different, for although the gas rates may be quite high, 
the liquid rate is tied in with in through the reflux ratiO, 
and it cannot be large in proportion. An examination of both 
articles indicates that the liquid rates at no time exceeded 
1500 Ibs./hr.sq.ft., which is below the minimum water rate in 
this investigation and far below the value which, by visual 
observation, afforded an even and uniform liquid distribution 
pver the Fiberglas packing~ 
Calculations were necessary to determine the re-
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sulting liquor rates from these two previous investigations 
of Fiberglas packing. The calculations for the respective 
liquid rates in these columns were based on the vapor rate and 
the ratio, V/L, as reported. Several runs from each of the 
systems, methanol-water and ethanol-water, were selected from 
the data of Minard, Koffolt, and Withrow on the basis of re-
presenting their widest range of variables~ These are 
tabulated in Table I. Their data from the runs conducted on 
the column with a height of 1.45 feet presented H.T.U. values 
that were too low with respect to their associated liquor 
rates to be adequate for correlation p~poses. Such data were 
neglected, and only data from the runs carried out with a 
column height of 6.5 feet were considered. All the liquid 
rates were computed for the runs performed by Herman and 
Kaiser in rectifying ethanol-water mixtures with a column 
packed with Fiberglas to a height of 5.67 feet. Their data 
are shown in tabular form in Table II. 
Fig. 17 is a plot showing a representative portion 
of the data of Minard, Koffolt, and Withrow together with 
all the data reported by Herman and Kaiser along with the 
range of values obtained in this investigation for liquid 
rates below 8000 Ibs./hr.sq.ft., while the values for flows 
above this figure are constant within the plotting accuracy 
of this graph. This plot demonstrates the good agreement of 
the data of th1s 1nvestigation with that previously reported 
for Fiberglas. The variations are within experimental 
85 
TABLE I - DATA OF MINARD, KOFFOLT AND WITHROW 
Run AVI(. X Vapor- VapoI' Liquid 
No. Y at , Liquid Flow Flow 
AVI(. Ratio (V).' (L). 
y (V.L) 1bs. 1bs. H.T.U. 
(lb-Mo1s 1 ~hr. l(tt. Ythr.) (ft.)2 (ft,.} 
Series C 2 0.774 0.492 1.21 868 616 1.56 
Methano1- 6 0.121 0.019 1.20 402 310 6.40 
WateI' 7 0.098 0.015 1,.20 489 380 6 .• 00 
10 0 .• 312 0.063 1.48 523 297 5.09 
12 0.430 0.107 1 .• 50 834 450 3.69 
13 0.413 0.098 1.50 834 453 3.63 
14 0.107 0.017 1.48 436 276 8.80 
18 0.253 0.047 1 .• 73 485 242 7,.40 
19 0.502 0.143 1.68 713 338 10.90 
20 0.087 0.013 1.75 478 312 10.90 
Series D 3 0.338 0.071 1.50 255 142 4.84 
Methano1- 5 0.581 0.214 1.51 438 232 2.64 
Water 6 0.221 0.038 1.50 498 292 6.31 
10 0.578 0.202 1.50 932 497 2.76 
Series E 8 0.378 0.068 1.49 400 187 3.13 
Ethano1- 9 0.283 0 .• 041 1.62 221 101 5.32 
Water 10 0.260 0.035 1.50 387 195 5.41 
12 0.201 0.024 1.077 451 201 9 .• 12 
14 0.496 0.149 1~86 915 342 2.58 
17 0.492 0.142 1.86 909 338 2.66 
Series F 
Ethano1- 5 0.392 0~072 1.58 498 217 3.15 
Water 6 0.281 0.040 1 .• 50 387 189 5.22 
7 0.254 0.035 1.50 400 201 5.46 
8 0.220 0 .• 028 1.40 689 382 6.05 
9 0.387 0.070 1.58 500 220 3.13 
Series H 1 0.414 0.100 0.85 357 342 3 .• 94 
Methano1- 5 0.525 0,.159 0.65 827 1020 2.00 
Water 6 0.163 0.027 0.69 461 606 4.14 
7 0.155 0 .• 025 0.69 501 662 3.78 
9 0.224 0.040 0.53 629 1045 3.03 
13 0.430 0.10~ 0.47 485 834 2.35 
Series I 7 0 .• 255 0.035 0 .• 37 443 903 2~32 
Etbanol- e 0 .• 295 0.045 0.38 451 869 2,.37 
Wat8%' 9 0.235 0.030 0.38 536 1080 2.69 
10 0 .• 225 0 .• 029 0.36 536 1150 2.86 
13 0.350 0.058 0.63 581 655 2.29 
19 0 .• 450 1.100 0.61 572 638 2.77 
20 0.280 0.040 0.64 555 643 3.56 
21 0.170 0.020 0.70 657 762 4.39 
TABLE II - DATA OF HERMAN AND KAISER 86 
Rectification of Ethanol-Water 
Super- Vapor Vapor Liquid 
!hlp Avg. X ficial Liquid Flow Flow 
No. Y at Vapor Ratio (V) (L) H.T.U. 
Avg. ve10citr (V/L) 1bs./ r- 1bs./ 2 y (~sec (lb.Mo1s)(~)(tt. (hr.)(ft.) (ft.) 
1 0.837 0.828 3.6 1.83 1160 6.33 1.9 
2 0.838 0.828 2.4 1.28 776 601 4.7 
3 0~835 0.825 2.4 1.77 775 436 4.7 
4 0.834 0.825 1.4 1.14 450 392 5.0 
5 0.827 0.813 1 .• 3 1.50 415 275 5.6 
6 0.828 0.813 1.4 2.11 449 211 5.8 
7 0.820 0.818 3.2 1.00 1030 1020 3,.2 
8 0.833 0.824 4.1 1.00 1320 1318 1.7 
9 0.837 0.828 4,.5 1.24 1450 1170 1.5 
10 0.774 0.735 4.7 1.00 1460 1420 1.6 
11 0.770 0.730 4.5 1.23 1390 1100 1.5 
12 0.774 0.735 3.9 1.00 1210 1172 2.0 
13 0.769 0.727 3.1 1.00 956 928 2.8 
14 0.767 0.725 3.0 1.25 925 719 3.6 
15 0.767 0.725 2 .• 8 1,.00 861 837 3,.2 
16 0.777 0.742 3.9 1.00 1210 1180 2.1 
17 0.604 0,.375 ~ .• " 1,.00 999 815 4,.1 
18 0.601 0.365 3.2 1 .• 00 863 700 6,.4 
19 0.609 0.390 4.0 1.00 1085 896 4.8 
20 0.593 0.345 2.3 1 .• 00 615 493 6.2 
21 0.612 0.400 4.4 1.00 1198 993 4.2 
22 0.598 0.360 2.8 1,.00 750 607 5.6 
23 0.487 0.138 5,.1 1 .• 00 1232 855 4.8 
24 0.480 0.130 4.7 1 .• 00 1130 780 5.2 
25 0.473 0.121 4.1 1.00 984 672 5.9 
26 0.463 0.112 3.5 1 .• 00 828 566 8.2 
27 0.440 0.095 3.3 1.00 760 520 8.1 
28 0.452 0.102 2 .• 7 1.00 633 430 10.0 
29 0.456 0.105 2.2 1 .• 00 518 351 12,.0 
30 0.345 0.057 5.8 1.00 1210 860 4:.'1 
31 0.344 0.056 2.3 1.00 478 339 12.6 
32 0.335 0.055 2.9 1.00 598 425 11.1 
33 0.325 0.051 4.6 1 .• 00 941 671 8.0 
34 0.312 0.048 3.6 1.00 724 521 9.4 
35 0.307 0.047 4.1 1.00 820 597 9.3 
36 0.296 0.045 5.3 1.00 1048 769 6.8 
37 0.209 0.026 2.4 1.00 426 335 12.0 
38 0.190 ,0.022 4.7 1.00 820 651 9.2 
39 0.184 0.020 3.6 1.00 622 496 10.6 
40 0.190 0.022 2.0 1.00 348 277 12.3 
41 0.166 0.019 5,.4 1.00 910 748 7.2 
42 0.161 0.018 4.3 1,.00 719 590 8.0 
43 0.152 0.016 5.8 1.00 960 791 6.7 
Fig. 17 Correlation of H. T. U. with Reported Fiberglas Data . 
accuracies for systems of different materials. The plot 
also displays that the H.T.U. values obtained by Minard, 
Koffo1t, and Withrow are intrinsically in good alignment 
with the values presented by Herman and Kaiser. The pre-
vious available data further substantiate that extremely 
high H.T.U. values result ,then a Fiberglas packed column is 
operated under the conditions of a low liquid rate. As the 
liquor rate is increased, the corresponding H.T.U. values 
are reduced accordingly. The H.T.U. v~lues of this investi-
gation were much lower than the previously reported values 
because absorption determinations allowed considerably 
higher down-flow liquid rates in the column. 
This plot points out that the quantity of liquid 
actually flowing down the Fiberglas packed columns of these 
two former groups of investigators was not adequate to wet 
the packing in a complete and uniform manner. The result-
ing high H. T. U. values can be attributed to this condition. 
In Table III a representative summary of the data 
of previous investigators reporting on experimental studies 
conducted on ammonia-water absorption is presented. The 
KgB values with the accompanying gas and liquid flow rates 
are given, and the H.T.U. values are included if available. 
In some cases, the units a~sociated with Kga values and 
flow rates had to be converted to the units of this investi-
gation in order to maintain consistency for comparative 
needs. This table reveals that the gas flows in the previous 
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TABLE III - RESULTS OF OTHER INVESTIGATORS 
Gas Liquid 
Packin~ Rate Rate Kga H.T.U. 
Investigators Material ( G), (L) 1bs. 1bs. 1bs./ 
Om)( ft.) ~ Om)( ft.) ~ (f~~~~l (ft. ) 
Sherlvood 9-16 rom. Coke 507 323 0.0044 
and 
Kilgore 459 Constant 0.0040 
For all 









Chilton. 3/4" Stone 544 497 0~0042 1~76 
Duffey, and 
Vernon 543 494 0.0059 1.24 
561 490 0.0046 1.65 
565 493 0.0046 1.68 
56'7 491 0.004'7 1.62 
562 509 0~0029 2.62 
565 484 0.004'7 1~64 
564 504 0.0038 2.00 
550 488 0'.0052 1.44 
1/2" Stone 570 502 0.0056 1.35 
546 530 0.0046 1.60 
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TABLE III (continued) -RESULTS OF OTHER INVESTIGATORS 
i""· 
Gas Liquid ~ H.T.U. Packing Rate Rate 
Investigators Material ( G): ( L). Ibs../ lbs. Ibs. (min.) ( ft. ) (ft.) 
( hn)( ft.) ~ (hr.)( ft.) ~ (mm.Hg.) 
1/4" Stone 388 510 0.0054 0.95 
1" Clay 563 510 0.0036 2.13 
Spheres 553 485 0.0033 2.27 
561 540 0.0041 1.84 
546 585 0.0036 2'.06 
3/4" Clay 562 507 0.0039 1~92 
Spheres 547 535 0.0038 1.92 
553 531 0.0050 1.47 
Chilton" 3/4" Clay 520 575 0.0048 1.47 
Duffey, and Spheres 
Vernon 
1/2" Clay 382 497 0~0048 1~07 
Spheres 
386 571 0.0045 1.17 
556 584 0.0058 1.28 
Dwyer and 1~" Carbon 1000 480 0.0051 
Dod~e 
O~0052 Raschig Rings 970 480 
516 150 0~002l 
525 150 0~0020 
Molstad. 6295 Drip - 485 1850 0~0038 1.71 
McKinney and 
Abbey Point Grid 950 3000 0.0075 1.65 
485 11500 0.0064 1.00 
485 18500 0.0055 1.15 
1" Raschig 915 3000 0.0177 0~67 
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TABIE III (oontinued) -RESULTS OF OTHER INVESTIGATORS 
Gas Liquid Kga Rate Rate H.T.U. 
Ip,vestigators Paoking ( G), (L), 1bs. 
Material lbs. lbs. (min.) ( ft.) ( ft. ) 
! bn)( ft.) 2 ( hr.} ( ft.} ~ (mm.Hg.) . 
515 3000 0.0083 0~76 
515 5000 0.0087 0.75 
530 10000 0.0089 0'.73 
515 14200 0.0081 0.81 
1ft Berl 695 3000 0.0092 0.97 
Saddles 
870 3000 0.0106 1.05 
540 5000 0.0099 0.66 
525 12900 0.0114 0.57 
experimental work of no time exceed 1000 lbs./hr.sq.ft~ 
This figure was taken as the minimum air rate to be held con-
stant for correlation purposes in this investigation~ The 
previous studies of ammonia absorption reported in the litera-
ture were for the most part carried out with a prevailing 
liquor rate in the neighborhood or 500 Ibs·./hr.sq.ft. How-
ever, Molstad, MCKinney, and Abbey reported liquor rates in 
the high range from 1850 to 18,500 lbs./hr.sq.ft. The rate 
. . 
of input water was varied from 1,590 to 32,600 lbs./hr.sq.ft~ 
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for this investigation of Fiberglas packing. The data ob-
tained by Kowalke, Hougen, and Watson in their early deter-
minations of the transfer coeffioients of ammonia in absorp-
tion towers were not inoluded in this table. Their flow rates 
were extremely low with a maximUJ:D. gas flow of 240 lbs./J;ir~'sq.f't~, 
and a liquid rate which never exceeded 820 lbs./hr.sq.ft~ 
Then too, their data oan be considered as preliminary values_ 
and the results of their work served primarily as a guide 
for the later investigators in firmly establishing the charac-
teristics of this system for engineering design purposes. 
Since the flow rates of the previous investigators 
did not represent a suffioient range of variation, a oor-
relation of the data obtained from this investigation with the 
actual data of previous investigators was omitted. The trans-
fer effioiencies of the commercial packing materials are 
generally compared by means of the established empirioal 
equations. Such empirical equations express Kga as an ex-
ponential function of gas and liquor flow rates with the 
required exponents and constants varying for eaoh partioular 
packing material. The derivation of such an empirical 
equation to represent the material transfer charaoteristics 
of Fiberglas was not possible from the results of this in-
vestigation because the mass of requisite data was not essen-
tial to the problem. 
The values of the overall transfer coefficient de-
termined by the previous investigators for other column paok-
ings as shown in Table III cannot be directly compared with 
the Kga values obtained from this investigation at similar 
air throughput rates. Table VI in the appendix gives the 
Kga values for Fiberglas at considerably higher gas rates, 
and the Kga values are above those reported for the other 
packing materials. This condition may be expected, however, 
because of the increased gas flows. The maximum Kga value 
given in Table III is 0.0177 at an air and water flow of 915 
and 3000 lbs./hr.sq.ft. respectively, as reported by Molstad, 
McKinney, and Abbey for one inch Rasohig Rings. The highest 
experimentally determined Kga value for Fiberglas amounted 
to 0.0229 with the accompanying flow rates of 1400 and 
16,700 1bs./hr.sq.tt~ for the air and water. The xga values 
determined for Fiberglas exoeed those reported by Kowalke, 
Hougen, and Watson for packings of quartz and stoneware by 
.factors ranging from 4 to 10. 
It already has been mentioned that empirical 




the gas and liquid rates for some packing materials. Molstad, 
MCKinney, and Abbey (21) were a group of investigators who, 
although chiefly concerned with determining the characteri8tics 
of the various types of Drip Point Grid packing, derived such 
equations ~or eight other packing materials. Their empirical 
equations were developed so as to express Kga as an exponen-
tial function of the respeotive gas and liquor rates in the 
following manner: 
The individual exponents together with the constant 
of proportionality varied in magnitude depending on the 
partioular packing. The values deSignated for these exponents 
and oonstants are presented in Table IV for nine individual 
column packing materials. 
Sinoe it was not possible to correlate the results 
of this investigation directly with the actual data of pre-
vious investigators it was decided to utilize the empirioal 
equations available as a means of correlation. The equations 
of Molstad, McKinney, and Abbey were ohosen because their 
empirical relationships expressed Kga as a function of both 
the gas and liquid flow rates. Of course, the gas rate is 
principally controlling, but the equations~·,do permit the 
liquor rate to exert its slight influence. With suoh equa-
tions it would be conceivable to affect a oorrelation with 
Fiberglas in comparison with other tower packings. A cor-
~ABLE IV - EMPIRICAL EQUATIONS OF 
MOLSTAD, MCKINNEY, AND ABBEY 
PACKING 13' 
-
l- inch Raschig Rings 0.0207 
l- inch Berl Saddles 0~0132 
Staggered 3-inch Single Spii'tal Tile 0.0178 
Staggered 3-inch Triple Spiral Tile 0.0101 
Staggered 3-inch Partition Tile 0.000036 
Continuous 3-inch Triple Spiral Til~0.00179 
Wood Grids without le~s 0~002l5 
Wood Grids with legs* 0.0110 
Various Types of Drip* 0.188 
Point Grid Tile to 





























relation plot illustrating the effect of a varying air 
throughput rate with a fixed water rate on K~a for various 
other packings together with Fiberglas was then constructed. 
In constructing this correlation plot a constant 
water rate of 3180 lbs./hr.sq.ft. was ~aintainedJ while the 
carrier gas was permitted to vary between the limits of 200 
and 1600 lbs./hr.sq.ft. Bv employing this set of flow con-
ditions. the resulting straight line for Fiberglas obtained 
under identical conditions as shown in Fig. 18 represents 
the characteristics of Fiberglas on this graph. Six pack-
ings were then selected on the basis of representing the 
most diverging tendencies in packing characteristics. For 
each packing a KgB value was computed at every 200 Ibs./ 
hr.sq.ft. interval for an air rate increasing from 200 to 
1600 ~tlbS./hr. sq.ft. By keeping the water rate fixed at 
3180 lbs./hr.sq.ft~, the IJI1 term becomes a constant which 
can be combined with the oonstant of proportionality. J 
and the empirical equation is reduced to the more familiar 
form 
However, in this case the value of the constant of propor-
tionality is affeoted by the rate of liquor flow. It is 
evident that ~ bears no direct relation to the packing 
surface per cubic foot. Such empirical equations also neg-
lect the effect of ammonia concentration in the raw feed gas. 
The results from such calculation together with the 
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.F1g.IS Comparison of F1berglas with Other Packlngs. 
Fiberglas data are shown by the series of curves in Fig.IB. 
All calculated points together with the points obtained for 
Fiberglas were omitted from this plot for the sake of 
clarity. This plot indicates that the resulting straight 
line exhibited by Fiberglas under these conditions compares 
favorably with the accepted theory for the absorption of 
ammonia by water. In the general expression for Kga, the 
previous investigators agree that the value of n~ the 
exponent for G~ is in the neighborhood of 0.8. But 8S this 
exponent approaches unity in value, the resulting parabolic 
curve will gradually assume the form of a straight 1ine~ 
The 11mitednumber of absorption runs conducted on the 
Fiberglas packed column failed to produce the necessary 
number of points to demonstrate any slight curving tenden-
cies. The empirical equations themselves under these con-
ditions resulted in curves whose curving nature is difficult 
to distinguish. 
Such a correlation also provides an excellent means 
for comparing the transfer efficiency of Fiberglas with that 
of other packing materials at identical flow rates. The 
empirical equations of Molstad, McKinney, and Abbey indicate 
that Raschig Rings and Berl Saddles yield higher KgB values 
than Fiberglas under the same conditions of flow. But it 
can be seen that the ~. values of Fiberglas approach those 
of Berl Saddles at the increased superficial air rates. The 
effect of a continually increasing air flow would favor 
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Rasohig Rings with a more pronounoed inorease in Kga than 
Fiberglas. The slopes of the respeotive lines also indi-
oate that the reverse would be true with respect to Berl 
Saddles. In general, this plot displays that the transfer 
effioienoy of Fiberglas exceeds that of the other packing 
materials possessing the desirable property of high allow-
able flow rates such as wood grids and spiral tile. The 
resulting ourves for these paoking materials lie beneath the 
Fiberglas line and are of a lesser slope. 
The available H.T.U. values reported in the 
literature given along with the Kga values i~ Table III for 
various column packings compare favorably with those deter-
mined for Fiberglas in this investigation. The H.T.U.values 
reported by Chilton, Duffey, and Vernon for coke, stone, 
and olay sphere packings are oonsiderably higher than the 
values reported herein, but the low flow rates associated 
with suoh values must be oonsidered. The H.T.U. values for 
these paoking materials varied from 0.95 to 2.60 feet with 
the average value amounting to 1.6 feet, but the gas and 
liquid flow rates at no time surpassed 600 lbs./hr.sq.ft. 
The H.T.U. values determined by Molstand, McKinney, and 
Abbey ranged from 0.66 to 105 feet for Rasohig Rings and 
Berl Saddles; however, although their liquid throughput 
rates were high, the gas rate never exceeded 1000 lbs./ 
hr.sq.ft. It would be. safe to assume a H.T.U. of 1.00 feet 
for Fiberglas if the rate of down flowing liquid is suffi-
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oient to wet the packing in a oomplete and uniform manner. 
An inspeotion of Fig. 16 represents evidence tavoring suoh 
an assUmption and indicates the required water flow to be 
. -
10,000 lbs./hr.sq.tt. for security reasons~ 
100 
101 
SUMMARY AND OONOLUSIONS 
The expertmental prooedure for this investigation 
was well established and straightforward; however, the 
data are reproduoible only within the normal limits asso-
oiated with determinations involving analytioal sampling 
teohniques. The results drawn from this experimental ab-
sorption study are consistent with respect to eaoh other, 
and in exoellent agreement with the theory advocated by the 
other published investigations. 
An analysis of results leads to the following oon-
olusions: 
1. As a paoking, Fiberglas yields overall transfer 00-
effioients whioh oompare favorably with any small si;,e, 
large surfaoe area packings. such as Berl Saddles and 
Rasohig Rings, but exceed those of the large size, low sur-
face area packings, such as grids and spiral shapes. 
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2. Fiberglas oan be safely expected to present H.E.T.P. 
and H.T.U. values amounting to 1.8 and 1.00 feet respective-
ly if the prevailing liquor rate is sufficient in quantity 
to wet the Fiberglas in a oomplete and uniform manner. 
3. The operating conditions of a Fiberglas packed 
oolumn for gas absorption duty must allow an amply liquid 
rate exceeding 10.000 lbs./br.sq.tt. if a high Kga value 
together with a low H.T.U. value is necessary. 
4. A Fiberglas packing oan be utilized most advanta-
geously for the stripping of a gas with a high solute con-
oentration at a medium flow rate in conjunotion with a high 
liquor throughput. 
5. In the absorption of ammonia by water the effect 
of water flow rate on the overall transfer coefficient is 
practically negligible if the ex~stent water flow can com-
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A a area of interphase contact, surface and area of paok-
ing in Equare feet per cubic toot. 
B a density ot glassused in forming fiber. 
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apparent density of packing in pounds per crubio foot. 
coefficient of discharge for the orifice. no units. 
concentration of solute in liquid phase in pound mols 
per cubic foot '. 
ooncentration of solvent in liquid phase in pound mols 
per cubic toot. 
CBM = log mean of 0B at film boundaries in pound mols per 
cubic toot. 
Oe = concentration of solute in liquid phase oorresponding 
to equilibrium with gas in pound mols per cubic foot. 
-
-
solute concentration in the liquid at the interphase 
boundary in pound mols per cubic foot~ 
0L = solute concentration in the main body of the liquid in 
pound mols per cubic foot. 
D = diffusion coefficient for the solute through the gas 
phase in square feet per hour. 
DL = diffusion coefficient for solute through the liquid 




internal diameter of pipe in inches~ 




inert gas flow in pounds of solute-free gas per hour 
• 
per square foot of oolumn oross seotion. 
H = Henryts law oonstant = C/p 
Ht • square root of the maximum pressure differential in 
inohes of water under air. 
H.E.T.P = height equivalent of a theoretioal plate in feet. 
-
-




height of packing in feet. 
K~a = overall transfer ooefficient expressed in pound mols 
per hour pe~ oubic foot per atmosphere driving force, 
unless otherwise speoified~ 
KLa = overall transfer coefficient expressed in pound mols 
per hour per oubio foot per unit overall oonoentration 
differenoe. 
~ = overall transfer ooeffioient in pound mols per hour 
per square foot per atmosphere driving foroe. 
KL= overall transfer ooeffioient in pound mols per hour 
per squ~re foot per unit overall oonoentration dif-
ferenoe. 
kg • gas-film ooefficient in pound mols per hour per 
square foot per atmosphere driving foroe. 
-
-
liquid-film ooeffioient.in pound mols per hour per 
square foot per unit overall ooncentration differenoe. 
L = liquor rate in pounds of solute-free solvent per hour 
per square foot of oolumn oross section. 
M = moisture correction for measured gas. 
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m • slope of equilibrium curve. 
m' • exponent depending on packing for L in empirical 
equation for K~. 
-
-
molecular weight of solute gas. 






diffusion rate in pound moles per hour per square foot. 
exponent depending on packing for G in empirical 
equation for Kga. 
P total pressure on system in atmospheres. -
-
P' : pressure factor = 237.1 Po Where Po is the absolute 
operating pressures in inches of mercury. 
-
-




partial pressure of solute in exiting gas in atmospheres. 
Pe = partial pressure of solute in equilibrium with con-





partial pressure of the solute in the main gas phase 
in atmospheres. 
partial pressure of the solute at the interface between 
gas and liquid in atmospheres. 
PBM. log mean of inert gas pressures at film boundaries in 
atmospheres. 
Q • gas flow at specified temperature and pressure in cubic 
feet per hour. 
R : gas-law constant (- 0.729 in English units) expressed 





cross-seotional area of oolumn in square feet. 
speoifio gravity correotion • square root of the 
reciprooal of the speoific gravity of the gas usin~ 
air as the referenoe gas. 
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T • absolute temperature of system, in degrees Rankine. 
T' - temperature factor. ratio of the square root of the 










volume of packing column seotion in cubic feet. 
solute ooncentration of liquid leaving oolumn in 
pounds solute per pound solvent. 
solute oonoentration of liquid fed to oolumn in pounds 
solute per pound of solvent. 
effective thickness of the gas film in feet. 
effective thiokness of the liquid film in feet~ 
solute conoentration of the gas entering the column 
in pounds solute per pound of inert gas. 
solute ooncentration of the gas leaving the oolumn in 
pounds solute per pound of inert gas. 
Ye • solute concentration in gas oorresponding to equili-
brium with the conoentration of the main body of the 
liquid in pound solute per pound in inert gas. 
e< = (p - Pe)/(Y - Ye ) 
13 andl • constant of proportionality depending on packing 
in empirical equations for Kga. 
SAMPLE OALOULATIONS 
The sample calculations shown below are for Run 49, 
for which the experimental data were given on a sample data 
sheet included in the Experimental section. 
Inlet Gas Sample: 
Weight of Siphoned Water = 16 lbs.10 oz = 16,625 lbs. 
Taking the density of water as 62.4 lbs./ft3 • 
Volume of inlet gas sample = 16.625/62.4 • 0.266 cu.ft. 
Bottle #1 25(0.0968)= 2.420 m.e. original 
16.95(0.0968)· 1.620 m.a. added 
Boot1e #2 0.95(0.0123)= 0.012 m.e. added from 2nd Bottle 
-
4.072 m.e. Total 
2(0.30)(0.0123)= 0.008 m.a. Titration Blank 
Net 4.064 m.a. NH3 
outlet Gas Sample: 
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Weight of Siphoned Water = 16 lbs.10 3/4 OZ.= 16.67 lbs. 
Volume of outlet gas sample • 16.67/62.4 • 0.267 cu. ft. 
Bottle #1 2.1(0.0123) • 0.0258 m.e. added 
0.3(0.0123) • 0.0036 m.e. Titration Blank 
Net 0.0022 m.e. NB3 
()I,t.1et Wate'" ,Sample: 
Average Titer for discharge 
liquor sample = 27.95+ 28.15 • 28.05 ml. 
2 
28.05(0.0968) = 2.720 m.a. required titer for 
neutralization 
2.90(0.0123) = 0.036 m.e. Titration Blank 
Net 2.684 m.e. NH3 
For an orifioe differential pressure of 2.6ttH20 on 
the 3" orifioe, the oorresponding air flow, as read from 
Fia. 7 is 262 O.F.M. 
Total m.a. NH3 entar~ = 262( 4.064) = 
0.266 4,000 m.e. NH3 per 
minute 
For a rotameter reading of 134.5 with the by-pass 
valva olosed, the existing water rate, as determined from 
Fia. 8 is 10.00 g.p.m. 
The oonversion factor for oonverting gallons to 
cubio oentimeters is 3785. 
Total m.e. NBS leaving in exit water = 10(2.684)(3785) = 
25 
4060 m.e. NH3 per 
minute 
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Total m.e. NH3 leaving in exiting gas stream = (262)(0.0222) ~ 
0.267 
21.8 m.e. NH3 per minute 
Total NlI3 leaving = 4060+ 22 = 4082 m.e. NH3 per m~nute. 
The amount of ammonia entering in the gas stream in 
comparison With the total ammonia leaving in both the exit 
gas and water was used as a cheok on the aoouraoy of the gas 
sampling technique. 
Inooming air was assumed to be completely sat-
urated and at 700 F. For saturated air at 700 F the cor-
~esponding saturated volume is 13.7 tt.3/lb. dry air. 
Inlet NH3 gas 
concentration = 4082(17)(13.7) = !Q.§,g (5.14;11X 10-4) 
262(1000)(454) 262 
= 8.00 x lO-3lbs. NH3/1b. dry aire 
outlet NH3 gas 
concentration = 2216: (5.14 x 10-4 ) = 4.28 X 10-~ 
lbs. NH:s!lb. dry air. 
NH3 concentration in 4060(17) ~ 
exit water = 10(1000){454){8.34) = 1.83 x 10-v 
lbs.NH3/1b.~0 
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Pounds NH3 absorbed per minute·~~~~~ = 0.152 lbs.NH3/min~ 
Barometrio PresSU6l" = '745 mm.H~~ 
Statio pressure at 
base of oolumn = 5.2(760) = 10 mm. H~. 
29.9(13.6) 
Absolute operating 
pressure at base • 745tlO • 755 mm. lUt. 
At 700 F~ 100% saturated air base has a humidity of 
0.016 lbs. Beol lb. dry air. 
Daltonts law will be employed to determine the partial pressure 
of NH3 in the entering gas stream. 
I, 
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Total Moles : 0.008 + 1 t 9.0lJ! = 0.0359 moles. 
17 ~ 18 
Partial Pressure of NH3 in entering gas stream = PI 
= 0.000471 (755) 
0.0359 
• 9.90 mm. Hg. 
To compute the resulting equilibrium partial pressure 
of NH3 at the concentration conditions of the discharge liquor, 
the equation given by Kowalke. Housen, and Watson (15) was 
used'~ 
where T = absolute temperature of solution~ (OK) 
Pe : equilibrium partial pressure of ammonia, (atm.) 
m = molality of aqueous solution, 
the average temperature of the discharge liquor was 1000 
T = 10+ 273 = 283 oK 
m = 1.83_ = 0.1077 mols NHsllOOO gms. H2O 
17 
1n .!.! = -4425 + 10.82 - -4.80 
m 283 -
or Pe _ 
--m 
0-4•80 = 0.00826 
and Pe =_ 0.00826m ;: (8.26 X 10-3}(10.77 X 10-'2}(760) 
• 0.675 mm. Hg~ 
Then (p - Pe)l = 9.90 - 0.67 = 9.23 mm. Rg. 
Oolumn pressure drop = 5.1(1.87) = 10 Mm. Hg. 
Operating pressure 
at top of column = 755 - 10 • 745 mm. Hg. 
The temperature of the outgoing gas was ass~d to 
be the same as the temperature of the existing water. 
The corresponding humidity for saturated air at 
640 F is 0.013 1bs. H20/ lb. dry air. 
Total moles • 4.28 x 10-5 + l + 0.013 = 0.0352 
17 29 18 
Partial Pressure of NH3 in 
exiting gas stream = P2 • 0.252 x 10-5 
0.0352 
Pe • 0 since fresh water enters 
Therefore, (p - Pe)2 = 0.0533 mm. Hg~ 
(745) 
By Eq. (19) (p - Pe)avg~ • (p - Pe)l - (p - p~)~ 
(p - Pe)l 1n---...... 
(p - Pel 2 
(p - Pe)avg •• 9.23-0.0533 
1 9.23 - 1.78 mm. Hg. 
n 0.0533-
According to Eq. (18) Kga = __ N~A __ _ 
V(p - Pe)avg. 
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Since the height of packed section had been reduced to 6 ft., 
v = 'Tf' (6) 
4 = 4.71 cu. ft. 
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Oalculating the H.E.T.P. by means of Eq. 23. 
H.E.T.P. = 0.093 
Kgaf 637 + 1.56 1 La .F.M. G. P.M. J 
,. 
.T.lBLE V - SUMMARY OF EX FERIMENTAL DATA 
--
Inlet Outlet Exit 
Statio 
Total Total Baro- Pres-Run Air Water Gas Gas Liquor Opemt- metric sure No. Rate Rate NH3 NlI3 NIi3 NH3 NH3 ing Pres- at Cone. Cone. Cone. Input output Tem.P sure Base 
.. < C. F.M. )( G. P.M. ){m.e./ft. 3 )(m.e./ft. 3 ){2S!i! (m.e./min. )(m.e./min.){ °F)(mm.Hg.){ In~il20) 
1 50.05 5.00 8.92 0.00 0.653 447 495 42 756 0.60 
2 50.2 4.88 24.10 0.00 1.895 1209 1434 48 757 0.60 
3 102.5 5.07 11.55 0.039 1.810 1183 1394 50 755 1.45 
4 145 5.07 8.94 0.038 1.821 1300 1406 50 756 1.55 
5 145 10.00 9.56 0.007 0.919 1388 1392 48 753 2.10 
6 146.5 5.07 9.10 0.027 1.827 1332 1406 49 757 1.90 
7 152.8 5.03 10.70 0.034 2.276 1635 1735 47 758 2.05 
8 154 5.07 14.78 0.019 3.173 2275 2440 47 758 2.05 
9 146 ·2.40 10.68 0.019 5.128 1559 1865 52 755 2.45 
10 146 2.50 15.32 0.014 6.417 2240 2432 50 754 2.45 
11 144.5 5.03 10.35 0.012 2.324 1498 1772 46 755 2.55 




TABLE V (Continued) - SUMMARY OF EXPERIMENTAL DATA 
E:xlt Static Inlet Outlet Total Total Baro- Pres-
Run Air Water Gas Gas LIquor Opera~ metrIc sure No; Rate Rate NH3 NH3 NH3 NH3 NH3 Ing Prert- at 
Cone. Cone. Cone. Input Output Tem.P sure Base 
tc .F.M.) (G.P.M.) (m.e ./ft.3 ) (m.e ./ft.3 ) (m.e.) 
25m!. 
(m.e ./min.) (m.e ./min.) (OF) (mm.Hg.) (In.H 20) 
13 144.5 2.50 12.50 0.002 5.220 1808 1978 52 756 2.50 
15 144.5 2.50 16.15 0.019 6.710 2340 2543 55 752 2.45 
16 50 2.50 22.05 0.014 5.358 1101-1:- 2031 52 753 0.60 
17 50 2.50 39.90 0.033 5.913 1994 2237 52 752 0.60 
18 50 2.50 46.75 0.014 7.513 2350 2706 54 754 0.60 
19 50 2.45 37.05 0.020 5.515 1852 2046 52 752 0.60 
20 50 5.00 41.25 0.030 3.028 2065 2297 48 753 0.65 
21 50 5.00 37.50 0.010 2.721 1872 2061 48 754 0.65 
22 170 2.50 12.40 0.032 6.007 2115 2284 54 755 3.30 
24 170 2.50 15.55 0.037 7.260 2640 2746 59 757 3.30 
2 Seotions of Column Removed 


















TABLE V (Continued) - SUMMARY OF EXPERIMENTAL DATA 
Ex~t Static Inlet Outlet Total Total Baro- Pres-
Alr Water Gas Gas L1quor Operat- metrlc sure 
Rate Rate NH3 NHS NH3 NBS NH3 lng Pres- at 
Cone. Cone. Conc. Input Output· Tem.P sure Base 
(C .F .M .. ){ G.P .Ji;.) (m.e ./ft .3) (m.e ./ft .3) (m.e.) (m.e ./mln.) (m.e ./mln.) (OF) (mm.Hg.) (In .H20) 
25mI. 
177 2.50 15.02 0.605 7.124 2660 2807 59 755 2.60 
147.4 2.50 17.77 0.510 7.270 2620 2825 5'1 755 1.85 
51.5 2.50 47.00 0.028 7.164 2420 2724 59 750 0.50 
50.1 2.50 14.67 0.009 2.081 736 790 57 747 0.45 
100.3 2.50 13.58 0.116 3.792 1362 1448 59 750 1.15 
100.3 2.50 30.60 0.441 9.273 3080 3554 63 755 1.10 
176 2.50 19.65 1.090 9.170 3460 3662 66 755 2.50 
236 2.50 14.83 1.294 8.341 3500 3466 66 753 4.10 
170 51.2 16.30 0.004 0.373 2780 2900 59 748 11.0 
227 27.2 13.82 0.012 0.778 3140 3203 60 747 4.85 
233 33.3 12.27 0.051 0.575 2860 2912 60 748 7.40 




TABlE V ... SU.MMARY OF EXPERINIENTAL DATA 
Static 
Inlet Outlet Ex~t Baro- Pres ... 
Run A1r Water- ~s Gas L1quor Total Total Operat- metr1e sure 
1fo. Rate RS.te 3 NH3 NH3 NH3 NH3 1ng Pres- at 
Cone. Cone. Cone. Input Output Tern.' aure Base 
(~.F.M.)(G.P.M.)(m.e./ft.3)(m.e./ft.3)(~ )(m.e./m1n.)(m.e./min.)(OF)(rnm.Hg.)(In.H2O) 
25ml. 
38 268 2.50 11.00 1.070 6.974 2953 2926 65 749 5.10 
39 233 33.3 18.19 0.003 0.870 424:5 4393 62 752 7.80 
40 263 11.07 15.69 0.764 2~526 4130 4250 63 753 5.50 
41 268 2.50 15.86 1.450 10.08 4280 4199 65 753 5.20 
42 268 5.00 14.71 0.282 5.179 3945 3996 67 748 5.10 
43 251 26~2 15.80 0.011 0.999 3970 3963 63 750 5.90 
44 257 18.25 16.11 0.033 1;.471 4150 4078 63 750 5.70 
45 200 5.00 18.57 0.098 5.165 ·3'llO 3940 65 750 3.10 
46 215 10.00 15.98 0.046 2.267 3435 3450 62 755 3.80 
47 180.5 10.00 14.92 0.026 1.879 2700 2848 62 750 2.55 
48 152 10.00 12.09 0.013 1.209 1840 1832 61 750 2.20 




TABLE V (Continued) - SUMMARY OF EXPERIMENTAL DATA 
Statio 
Run Inlet OUtlet Exit Ba7"O- P:roes-
No. Au Water Gas Gas Liquor Total Total Opex-at- metria sure NH . NH~: NH3 ~ In~ Pres- at Rate Rate 3· NH~ Cona. . Con. Con • Input output Tem.P sure Base 
(,C .F.M.) (G. P.M. ) (m.e./rt.3 )(m.e./tt.3 )(m.e. )(m.e./min.) (m.e ./min.)( OF) (mm.Hg.)( In.H20) 
!!II -------~- ------ ----- - - - - ---- -- - -- __ 25I11_1. 
50 152 10.00 16.29 0.018 1.701 2475 2583 64 746 2.00 
51 262 10.00 11.65 0.037 1.983 3060 3010 63 752 5.30 
52 262 10.00 8.64 0.028 1.423 2260 2167 63 752 5.20 
53 180.5 26.25 14.70 0.021 0.722 2660 2873 60 752 3.25 
54 180.5 18.25 14.51 0.023 1.043 2625 2884 60 752 3.10 






TABLE VI - SUMMARY OF CALCULATED ABSORPTION DATA 
Air Water Inlet Outlet 
llun Rate Rate H.T.U. 
No. Cone. con8~ Kga Kga H.E.T.P 
X 103 X 10 
lbs.dryair lbs. Ib.NH3 lb.NH3 lbs.NH3 Ib.mols <ft.)(t~ 
fhr.)(ft.)§ (hr.)(ft.)2 lb.dry a1r Ib.dr,- a1r «1n.A (rt.)3 (hr.) (ft. )36ttm.) 
--
- - ---- ------ ---.--... ---~--
mm. g.) 
1 280 3190 5.1 0 
-
2 280 3105 14.7 0 
-
3 571 3230 . '7.0 1.90 0.0046 12.6 3.09 . 1.61 
4 809 3230 4.9 1.50 0.0066 1'7.7 3.02 1.61 
5 809 6360 4.9 0.3'7 0.00'78 21.8 2.61 1.34 
6 81'7 3230 4.9 1.50 0.0067 17.9 . Z.02 1.61 
'7 852 3200 5.8 1.'70 0.0069 18.7 2.99 ·1.60 
8 860 3230 8.1 1.00 0.0082 22.6 2.57 1.37 
9 815 1528 6.6 0.95 0.0081 21.7 2.29 1.31 
10 815 1590 8.5 0.72 0.0088 23.5 2.12 1.21 
11 806 3200 6.3 0.60 0.0079 21.1 2.50 1.33 
12 806 3200 6.8 0.43 0.0083 22.3 2.37 1.26 
I-' 
13 Erratio Condition, Run Disoarded ro ~ 
TABnE VI (Continued) - SU1~ARY OF CALCULATED ABSORPTION DATA 
Air Rate Water Inlet Outlet 
Run Rate H.T.V 
-No. Cone. Cone. Kga Kg8 H.E.T.P. 
X 103 X 105 
1bs .drI air 1bs. Ib.NH3 Ib.NH3 1bs.NH3 1b.mo1s (ft.) (ft.) 
(hr.)(ft.)2 (hr.)(ft.)2 Ib.dryair 1b.dry air (min. (ft.)3 (hr.)(ft.)3(atm.) 
15 806 1590 9.0 0.99 0.0083 22.2 2.23 1.26 
16 279 1590 21.0 0.72 0.0032 8.4 2.20 1.15 
17 279 1590 23.0 1.70 0.0028 7.4 2.51 1.31 
18 279 1590 28.0 0.74 0.0033 8.8 2.12 1.10 
19 279 1590 21.0 0.71 0.0032 8.5 2.20 1.15 
20 279 3180 24.0 1.50 0.0028 7.6 2.53 1.29 
21 279 3180 21.0 0.55 0.0032 8.5 2.24 1.14 
22 948 1590 6.9 1.66 0.0083 22.4 2.55 1.48 
24 946 1590 8.3 1.92 0.0089 24.0 2.38 1.38 
2 Section' of Column Removed 
25 987 1590 7.95 29.0 0.0082 22.1 2.74 1.56 




TABLE VI (Contlnued) - SUMMARY OF CALCULATED ABSORPTION DATA 
Run All' Watel' Inlet Outlet 
No. Rate Rate R.T.U. 
-. Cone. Cone. Kga Kga H.E.T.P. 
X 103 X 105 
lbs .dl'l all' lbs. lb.NI13 lb.NH3 lbs.NH3 lb.m.ols (ft.) (ft.) 
{hl'.)(ft.)2 (hr.)(ft.)2 lb.dry all' lbs.dry all' ((In.~(f~.)3(hr.)(ft.)3(atm.) 
mm. S. 
27 823 1590 9.85 26.2 0.0075 20.0 2.52 1.43 
28 288 1590 27.0 1.43 0.0036 9.6 1.99 1.04 
29 280 1590 8.1 0.48 0~0049 13.1 1.42 0.74 
30 560 1590 7.4 6.00 0.0066 17.6 2.03 1.11 
31 560 1590 18'.2 22.6 0.0061 16.3 2.20 1.19 
32 983 1590 10.7 56.0 0.0074 19.7 2.98 1.73 
33 1320 1590 7.6 66.6 0.0084 22.4 3.36 2.06 
34 949 ~2.600 8.8 0.24 0.0173 46.3 1.43 0.71 
35 1267 17,300 7.2 0.61 0.0204 54.6 1.59 0.81 
36 1300 21.200 6.4 0.77 0.0196 52.6 1.69 0.86 
37 1470 7,050 5.8 2.78 0.0183 49.0 1.99 1.05 




TABLE VI (Cont1nued) - SUMMARY OF CALCULATED ABSORPTION DATA 
Run Air Water Inlet Outlet 
No. Rate Rate H.T.U. 
Cone. Cone. Kga KgB H.E.T.P. 
X 103 X 105 
Ibs.dry air Ibs. Ib.NH3 Ib.NH3 Ibs.NH3 Ib.mols (ft. )(ft.) 
(hr.)(ft.)2 (hr.)(ft.)2 Ib.dry a1r Ibs.dry a1r (min.~(ft.)3(hr.)(ft.)3(atm.) ~mm. g.} 
39 1300 21,200 9.7 0.73 0.0209 56.1 1.59 0.81 
40 1470 7.050 8.3 3.92 0.0183 49.0 1.98 1.04 
41 1496 1.590 8.0 74.5 0.0095 25.3 3.26 2.05 
42 1496 3.180 7.7 14.5 0.0148 39.6 2.34 1.32 
43 1400 16,700 8.1 0.60 0.0229 61.4 1.56 0.80 
44 1434 11,600 8.2 1.68 0.0202 54.3 1.79 0.92 
45 1115 3,180 10.1 5.06 0.0144 38.7 1.84 1.00 
46 1200 6,360 8.3 2.40 0.0162 43.5 1.84 0.96 
47 1007 6,360 8.). 2.41 0.0136 36.4 1.86 0.96 
48 843 6,360 6.2 0.72 0.0132 35.4 1.62 0.84 
49 1460 6,360 8.0 4.28 0.0181 48.5 1.98 1.05 











TABLE VI (Continued) - SU1mARY OF CALCULATED ABSORPTION DATA 
Ail' Wate:r Inlet Outlet 
Rate Rate H.T.l1 
Cone. Cone. Kga KgB H.E.T.P. 
X 103 X 105 
1bS.d:r1 ail' lbs. 1b~NH3 1b.NH3 1bs.NH3 1b.mols (ft.)(ft) 
(hr.)( t.)2 (hr.)(ft.)2 1b.dry ail' 1b.d:ry ail' ( min. ) (ft. ) 3 (hr • ) (ft. ) 3 ( B tm • ) (mm.H§. ) 
1460 6,360 6.0 1.90 0.0193 51.8 1.86 0.99 
,1460 6.360 4.4 1.44 0.0187 50.1 1.92 1.02 
1004 16.700 8.2 1.07 0.0150 40.2 1.72 0.87 
1004 11,600 8.3 1.20 0.0149 40.0 1.72 0.88 
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